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“ Icli hoffe zuversichtlich. dass wir niclit mehr allzu we it von dem 
Augenblicke entfernt sind, wann es klar werden wird. dass die verschie- 
denavtigsten Angaben. insofern dieselben einer ernsten nnd gewissen- 
haften wissenscliaftlichen Arbeit entspringen. alle in reinen Einklang 
gebracht werden, so dass ein neues schones Gebaude. das der Bacterien- 
cytologie. in der allerfeinsten der AVissenschaften hocli emporragen 
wird." — Mend ( Iff 10). 


Introduction. 

It is a remarkable fact that modern cytology, which has 
recently made such rapid strides as the result of the enthu¬ 
siastic investigations of a vast army of workers, has almost 
lost sight of the Bacteria. Cytologists and protistologists 
alike have been content, for the most part, with assuming that 
the Bacteria are a group of simple organisms, possessing but 
little structural differentiation, and have then left them alone. 
Yet no biologist would deny, I think, that it is of the utmost 
importance that we should possess exact detailed knowledge 
of the structure and life-history of this immense group of 
living beings. More than one of the current conceptions in 
biology must undergo profound modification when we have 
precise information regarding the Bacteria. 

If anyone endeavours, at the present moment, to ascertain 
from the vast bacteriological literature, which has been 
pouring out for many years past, the present state of know¬ 
ledge regarding the structure of Bacteria, he will find that the 
whole matter is in a state of litter elmos. He will find that 
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the most divergent views are held regarding the various 
structures present in the bacterial cell. He will find, for ex¬ 
ample, regarding that most important of all cell-structures— 
the nucleus, that all views regarding its existence are held— 
from that which tells him that there is no nucleus of any sort, 
to that which tells him that the whole cell is to be regarded 
as a free nucleus. 

Xow the reason for this divergence of opinion is not far to 
seek. For many years the Bacteria have been entrusted to 
the bacteriologists, and only an occasional botanist or zoologist 
has ventured to poach on their preserves. Yet to the bacterio¬ 
logists, the Bacteria are but a means to an end—they study 
them in order to cure a cold or make a cheese. Modern 
bacteriological methods are excellent and adecpiate when 
applied to medical diagnosis or industrial needs, but they are 
inadequate when applied to a study of the Bacteria themselves . 1 
It is for this reason that professed bacteriologists possess such 
remarkably diverse opinions regarding the normal structure 
of Bacteria, and it is for this reason also that what little is 
definitely known of their cytology is due largely to the labours 
of a few zoologists and botanists. The bacteriologists are, of 
course, not to blame for this. Their aims are wholly different 
from those of the protistologist or cytologist. It is from 
these that our knowledge of the structure of Bacteria must 
come. 

The great majority of Bacteria which have been described 
have taught us nothing concerning the internal structure of 
the bacterial cell. Yearly all the pathogenic forms are of 
exceedingly small size ; and in addition to this great dis¬ 
advantage they have mainly been studied after fixing and 
staining in the usual bacteriological manner, which renders 
them worthless for cytological purposes. It is desirable, in 
the first place, to study the largest and most easily investigated 

1 The truth of this can easily Be seen by anyone who will consult the 
vast number of text-hooks on bacteriology which are in current use. 
In the majority of these, the cytology of Bacteria is not noticed at all, 
or else dismissed with a few inaccurate remarks made at random. 
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forms, and to examine them after treatment by suitable cyto- 
logical methods. 

The foregoing considerations have led me to a study of the 
cytology of the Bacteria. During the last four years I have 
devoted a considerable amount of time and labour in an 
endeavour to arrive at positive conclusions regarding the 
structure of the bacterial cell. It has been my object to discover 
large Bacteria which can be investigated cytologically with 
comparative ease—both whilst living and after suitable fixation 
and staining. The present paper represents the greater part 
of the results of my work, which—though still in progress— 
has led me to conclusions which are sufficiently definite to 
appear to me worth publication. I do not claim that the 
problem of the cytology of the Bacteria has been solved. My 
results are here given merely as a contribution towards a 
solution of the problem : I know only too well how incom¬ 
plete and imperfect they are. 

My main object has been to discover whether the Bacteria 
are nucleate or enucleate cells. It is useless to speculate upon 
the “simplicity,” “primitiveness,” “lack of differentiation,” 
etc., which this important group is supposed to display, when 
such a simple point as this remains in doubt. I have en¬ 
deavoured to find out whether a nucleus is present, and—if 
present—what form or forms it may assume. As staining 
reactions and micro-chemical tests appear to me to have been 
a signal failure in this direction, I have attacked the problem 
from another point of view—the morphological. I hoped— 
and I confess I am not altogether disappointed—that a study 
of the morphological elements present in the cell, and their 
behaviour during the various phases of the life-cycle, would 
throw considerable light upon the matter. Such results as I 
have obtained are, at least, very definite. They are, moreover, 
supported by the less important—as 1 believe—results derived 
from staining reactions. 

As there is already a very extensive and confusing litera¬ 
ture dealing with the structure of Bacteria, I have thought it 
advisable to give a brief historic review of the more important 
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work which lias been done previously on the subject. I shall 
then give my own observations — recording them quite in¬ 
dependently of the work of others—and reserve a full discus¬ 
sion of the whole matter to the final section of the paper. 

My work was begun in the Zoological Laboratory in 
Cambridge. Afterwards I continued it whilst working in the 
Zoological Institute in Munich, and at the Zoological Station 
in Naples. 1 Subsequently I was able to add to my results 
whilst visiting Ceylon in 1909, during my tenure of the 
Balfour Studentship of Cambridge University. I have com¬ 
pleted my work up to its present state at the Imperial College 
of Science and Technology, London. J desire here to record 
my indebtedness to all those who have — in one way or another 
—assisted in the furtherance of my work in the various places 
mentioned. 


Historic. 

In the pages which now follow, I have attempted to give a 
brief historic account of the most important work which has 
been contributed towards a solution of the problem of the 
nucleus in Bacteria. It is obviously impossible—in a paper of 
the present scope—to enter encyclopaedically into all the 
work which has been done in this connection. 

In dealing with the cytology of Bacteria, it is of the very 
greatest importance to consider the technique by means of 
which the various workers have reached their results. I 
shall therefore make a special point of noting in each case— 
wherever possible—the methods of fixation, staining, etc., 
which have been used. When this is done, it becomes 
apparent that a large part of what has been written upon the 
bacterial nucleus is practically worthless—owing* to the in¬ 
adequacy of the technique employed. 

The older observers were mostly content to regard the 
Bacteria as enucleate—Mon era, as Haeckel termed such 

1 Whilst occupying the British Association Table in 1908, under a 
grant from the Goldsmiths' Company. 
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supposed forms. 1 Early workers (e.g. Coin]) noticed, indeed, 
granular bodies in many Bacteria., but they were unable to 
reach any definite conclusions regarding their significance. 

If we turn to older books on bacteriology, we find it 
usually stated that no nucleus is to be found in these 
organisms. lie Bury (1884) says: “Nuclei have not yet 
been observed in Bacteria” (p. 492). Similarly, Zopf (1885) 
states : “ Until now, nuclei have been looked for in vain in 
bacterial cells” (p. 14). lliippe (1880), whilst pointing out 
that no nucleus had ever been shown to exist in Bacteria, 
suggested that the whole bacterial cell might be the homo- 
logue of the nucleus of other forms. This view has found 
many subsequent adherents. 

One of the very first to investigate the structure of Bacteria 
was Kunstler ( 1887). He described in Spirillum tenue-— 
after fixation with osmie acid, and staining with “noir 
Collin ” or lnematoxylin — an alveolar structure of the proto¬ 
plasm, with numerous granules. In the later publications of 
Kunstler and his colleagues, descriptions which seem essen¬ 
tially similar are given of a number of different Bacteria. 
The descriptions are usually so incomplete, however, the 
figures usually so diagrammatic, and the technique employed 
usually so imperfectly indicated, that I find great difficulty in 
interpreting his results. (See Kunstler et Bnsqnet [1897, 
1S98], Kunstler [1900], Kunstler et (lineste [1906, 1906a], 
etc.) As a rule, Kunstler appears to think that there is, in 
most Bacteria, no structure comparable with a nucleus. 

Schottelius (1888) claimed to have found nuclei in various 
Bacteria (B. anthracis, cocci, etc.). These nuclei are said 
to be in the form of a short rod (bacilli) or spherule (cocci), 
and to divide in the process of cell-division. They are said 
to be visible in the living cells, but more distinct in dry films 
stained with gentian violet. The method of fixation is not 
given. 

1 It is perhaps worthy of note that, so late ns 1894, it was still 
dogmatically stated hy Haeckel that Bacteria contain no nucleus 
(‘ Systematised^ Pliylogenie der Protisten und Ptiunzen 
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Babes (1880) found stainable granules—whose presence he 
had recorded at an earlier date—in various bacterial cells. 
Later (Babes, 1895), he named them “nietachromatic granules,” 
but he was unable to determine their precise significance. 

Ernst (1888) found similar granules in the cells of Bacillus 
xerosis. They were observed in diy, flame-fixed cells, 
stained with methylene blue and Bismarck brown. He 
believed that they took part in spore-formation. Subsequently 
(Ernst, 1889, he found similar granules-—-using similar methods 
—in a number of other Bacteria. He proposed the name 
“ sporogenic granules” for them, and regarded them as 
probably of a nuclear nature. Still later (Ernst, 1002), he 
described “ chromatophil ” granules—of uncertain significance 
—in many Bacteria (B. megatherium, water Bacteria, etc.). 
These granules were coloured by intra-vitam staining with 
methylene blue and neutral red. 

The carefully conducted and classic work of Butschli (1890, 
1802, 1806, 1902) can here be considered in its main outlines 
only. After studying the Cyanophycem, Biitschli turned his 
attention to the large sulphur Bacteria. 1 In these he believes 
that the protoplasm, which has an alveolar or honeycomb 
structure, is differentiated into a peripheral layer and a denser 
“ central body.” In the meshes of the latter, granules which 
stain red with hannatoxylin (“red grannies ”j are present. 
He regards the “central body” with its “ red grannies ” as 
the homologue of the nucleus of other cells, and the peripheral 
layer as the homologue of the cytoplasm. In the smaller 
Bacteria which he investigated, he found that the peripheral 
layer was relatively greatly reduced in size, or altogether 
absent—the greater part, or the whole of the cell being there¬ 
fore constituted by the “central body.” He was therefore 
led to regard the whole cell as homologous with a nucleus. 
The observations were made not only upon living cells, but 
also upon cells fixed, stained and variously treated by a 
number of different reagents. 

1 The earlier work of Winogradsky (1888) and others, upon this 
group, did little to elucidate the structure of the cells. 
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Wahrlich (1890, 1891) studying a number of different 
forms (B. subtilis, B. megatherium, etc.), arrived at con¬ 
clusions essentially the same as those of Biitschli. He 
believed, from their chemical and staining reactions, that 
Bacteria contain chromatin. Young cells are homogeneous, 
chromatic ; older cells show a reticulum of linin in which 
grannies of chromatin are suspended. The chromatin granules 
fuse to form spores. He concludes that Bacteria are there¬ 
fore really nuclei. All his work appears to be based upon a 
study of d r i e d cover-slip preparations. 

Zettnow (1891), using Loftier’s flagellar stain — which has 
little value from a cytological point of view — agreed with 
Biitschli\s conclusions regarding small Bacteria. Later 
(Zettnow, 1897) he extended his observations to large 
Spirilla, using chiefly i ntra-vitam staining with methylene 
blue, and drawing the same conclusions as before. Still later 
(Zettnow, 1899), he examined a number of Bacteria stained 
by Bomanowski’s method, but after flame-fixation. His 
conclusions regarding structure were essentially the same 
once more— that Bacteria consist entirely, or in some cases 
chiefly, of nuclear substance. 

Protopopoff (1891) found grannies which stain with fuchsia 
in a Bacillus from a cow’s tongue, and in Actinomyces. 
He interpreted them as being of a nuclear nature, though on 
very slender evidence. The method of fixation is not stated. 

Wager (1891) described a nucleus, containing two deeply 
staining rods and surrounded by a very thin membrane, in a 
Bacillus from the scum on water containing decaying Spiro- 
gyra. The division of the nucleus is briefly described. The 
method of fixation is not given, but it is stated that cover-glass 
preparations were stained with fuchsia. Wager (1895) again 
described structures which he believed to be nuclei in various 
other Bacteria, but gave only a very fragmentary account both 
of the structures themselves and of the technique employed. 

Frenzel (1891, 1892) gives a description of several species 
of Bacteria—chiefly from a study of living cells — and draws 
analogy between spores and nuclei. 


CONTRIBUTIONS TO THE CYTOLOOY OF THE BACTERIA. 403 


Id 1802 S job ring described large vesicular nuclei, which 
divide by mitosis, in B. anthracis, bay Bacteria, the Y ibrio 
of fowl -cholera and several micrococci. Fixation is stated to 
have been effected with nitric acid (alone, or with alcohol) 
without previous drying. The stains used were carbol methy¬ 
lene blue or carbol magenta. 

Trambnsti and Galeotti (1892) investigated a large Bacillus 
from water. The preparations were either dried, or fixed 
with HXO ; >, and stained with safranin. The organisms stain 
at first uniformly, but later show a differentiation into darkly 
staining longitudinally placed rods, and granules. Sub¬ 
sequently young* cells appear to be formed endogenously. 
The authors compare the structural changes with mitosis, 
though the reason for this is far from obvious. 

Mitrophanow (1893) studied the structure of various sulphur 
Bacteria (Beggiatoa, Chromatium, Oph idomonas, etc.), 
also of Cladothrix, Spirilla, Bacilli, etc. He employed 
iutra-vitam. staining with methylene blue, and also examined 
organisms after fixation with various reagents and treatment 
with various stains. He believed that a nucleus was present 
in all the forms examined. Various modifications were des¬ 
cribed and figured. He did not agree with Biitschli’s inter¬ 
pretation of the structures present in the bacterial cell. lie 
believed “ que tontes les bacteries que nous etudions lie 
peuvent etre ancunement considerees comine des organismes 
saus noyau ; de meme on ne pent pas lenr attribner exclusive- 
men t unc nature de noyau. Flies npparaisseut coniines des 
cellules dans divers stades de complication, laquelle est ex- 
primee par la separation plus on inoins complete du noyau.'” 

Podivvssozki (189-1) gives an account of the structure of the 
cholera Vibrio, as seen in dried preparations stained with 
Ziehl-Xeelsen and in cells treated simply with fuchsin. He 
finds a nucleus-like oval mass of “ chromatin in the cell, and 
other bodies of different (undetermined) nature. In place of the 
oval mass of chromatin, two or more masses may sometimes 
be seen — appearances which he regards as due to degeneration. 

Scbewiakoff (1893) finds a structure like that described by 


404 


0, CLIFFORD DOBELL. 


Biitscldi in sulphur Bacteria, in a large freshwater organism 
which lie names Acli roinati urn oxalif er uin. This organism 
resembles the sulphur Bacteria in general form, but contains 
calcium oxalate—probably in combination with a carbohydrate 
—instead of sulphur. There is si “central body ” present, 
containing colourable granules which undergo division. 

Ilkewicz (1804), studying B. antliracis after flame-fixa¬ 
tion and a complicated staining process, found darkly staining 
bodies present, which he believed to be spore-rudiments. He 
suggests that it is these structures which Sjdbring mistook 
for nuclei. 

A. Fischer (1894) explains the protoplasmic differentiation 
described by Biitsclili as due to plasmolysis. In this, as in 
subsequent memoirs (Fischer, 1897, 1899, 1903), he maintains 
that a “central body” does not exist: that the granules are 
probably reserve material, and neither nuclei nor chromatin : 
and that no nucleus has been demonstrated in Bacteria. The 
cell is not the equivalent of a nucleus. His conclusions are 
based upon elaborate studies of fixation and staining methods. 
It is hardly necessary to enter hero into the polemics which 
have taken place between Fischer and Biitsclili. 

Migula (1894), after a study of Bacillus oxalaticus, 
reaches the conclusion that no “central body” is present in 
this form. Colourable granules—insoluble in pepsin—are 
present, but no definite interpretation of them is given. In a 
subsequent work (Migula, 1897), after reviewing the literature 
he concludes : “ Ueber die Bedeutung der Kornchen in der 

Bakterienzelle lassen sich nur selir snbjektive Yermutnngen 
liegen ; ich mbchte sie als die ersten Anfiinge einer Zellkern- 
bildung betracliten.” More recently (Migula 1904), he ex¬ 
presses the opinion that the existence of a nucleus is still an 
open question. 

That nuclear structures occur in many Bacteria is believed 
by Lbwit (189b). His conclusions are based, however, upon 
dried preparations stained with Lbffler’s flagellar stain. 

A. Meyer (1897), using various methods, found granules 
which he interpreted as nuclei in B. asterosporus and B. 
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tuDiescens. In a later paper (Meyer, 1890) lie extended 
these observations to a number of other Bacteria. He 
-employed various methods — chiefly fixation with formol and 
staining with fuchsin. The granules, which are nuclei, may 
be from one to six in number in each cell. In 1904 he save 
a detailed account of the chemical and staining reactions of 
“ volutin ” grannies in Bacteria and other organisms. More 
recently (Meyer, 1908) he affirms that his “nuclei” are not 
volutin, but condemns the nuclear structures described by the 
majority of other workers. 

Wagner (H9S) discovered a nucleus in the form of a 
granule, dividing with a dumbbell figure—one in every cell 
—in B. coli and B. typhosus. His preparations were 
“ dried in the usual way ” and stained by a very elaborate 
method. 

“Chromatin” bodies were found in various forms of 
Bacteria by Ziemann (1898). He made dry films, fixed in 
the flame or in alcohol, and stained by Romanowski’s 
method. 

Macallnm (1899) investigated three species of Beggiatoa, 
after various methods of treatment. He finds no such 
differentiation as described by Biitschli. Compounds of 
masked iron and organic phosphorus are uniformly diffused 
through all the protoplasm, and these compounds also occur 
in certain granules which stain with hmmatoxylin. “There 
is no specialised chromatin-holding structure in the shape of 
-a nucleus of any kind.” 

Rowland (1899) records the results of staining various 
Bacteria — chiefly with roseine, without fixation. Deeply 
staiuable granules were found, though no very definite inter¬ 
pretation was given to them. He appears to think that they 
may be partly nuclear and partly excretory. 

Under the name Bacterium gammari, a large nucleate 
organism — inhabiting the body cavity and hannolymph of 
(lam mams zschokkei (from Garschina Lake, Switzerland) 
—was described by Vejdovsky (1900). The organisms were 
treated by various cytological methods. Bach cell has a 
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distinct nucleus lying towards the centre. Later (Vejdovsky, 
1004), lie describes stages in the mitotic division of this 
nucleus, and records similar nuclei in certain filamentous 
Bacteria inhabiting the gut of Bryodrilns ehlersi. 

Marpmann (1900) suggests — amongst other things—that 
enucleate Bacteria may exist. His observations are very 
fragmentary, and all made upon flame-fixed organisms. 

Feinberg (1900) describes “nuclei” of various forms in 
various species of Bacteria (B. coli, B. anthracis, Micro¬ 
cocci, etc.). The observations were made upon organisms 
stained by Bomanowski’s method. The method of fixation 
is not given ; presumably the preparations were dried and 
flame-fixed. (See here also Zettnow, 1900.) 

Marx and AVoitlie (1900) arrive at the conclusion that the 
Babes-Ernst granules afford an index of virulence—greater 
numbers indicating a greater degree of pathogenicity. They 
further state that the organisms containing these granules 
are the “Triiger and Erhalter der Art.” They also make the 
statement that “ the Babes-Ernst grannies are products of 
maximal condensation and typical localisation of the dichro¬ 
matic substance of the bacterial cell.” The illuminating 
nature of such a statement is obvious. Keerarding the relation 
between the grannies and virulence, the statement of Marx 
and AVoitlie has been controverted by Ascoli (1901), Gauss 
(1902), Sclinmbiirg (1902), Kroinpecher (1901), Ficker (1903), 
Guilliermond (1900), and others. 

Krompeeher (1901), working on various organisms, draws 
a distinction between “metachroinatic granules ” and “ Babes- 
Ernst granules,” on tlie grounds of staining reactions. He 
leaves the significance of the granules in doubt. (See here 
also Muhlschlegel [1900], Marx [1902], etc.) 

Hinze (1901) found scattered granules, which lie believed 
to be chromatin, in the cells of Beggiatoa. Later (Hinze, 
1903), he described similar bodies in another large sulphur 
bacterium — Thiopliysa volutans. Various methods of 
fixation (Flemming, etc.) and staining (Heidenhain, etc.) 
were employed. The grannies are said to divide by a process 
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of simple constriction. An ordinary form of nucleus was not 
found. 

Xakanislii (1901) describes nuclei in a large number of 
Bacteria (Cocci, Bacilli, Spirilla) stained with methylene 
blue, either intra-vita m, or after fixation with forinol vapour. 
He finds minute spherical nuclei in Cocci; nuclei in the form 
of a granule, rodlet, or filament in Bacilli; and granular or 
filamentar nuclei in Spirilla. He also finds nuclei in 
spores. He gives an excellent account of his technique, good 
figures, and strong evidence for the conclusion that the 
structures he observed are really nuclei. His interpretations 
have been unfavourably criticised by Ascoli (1901 a), Ficker 
(1900), Preisz (1904), Meyer (1908), and others. 

Schaudinn (1902) inaugurated a new era in bacteriology by 
studying cytologically the whole life-cycle of the gigantic 
Bacillus biitschlii in the gut of the common cockroach. 
He described a nucleus in the form of scattered granules of a 
chromatic substance (chromidia) throughout the greater part 
of the life-cycle. During spore-formation the granules 
arrange themselves in a spiral and finally become aggregated 
into dense masses in the fully formed spore. A process 
interpreted as a modified sexual act (autogamy) was dis¬ 
covered. In the following year (Schaudinn, 190o) he 
described analogous conditions in Bacillus sporonema, a 
small marine organism. 

Meyer’s pupil Grimme (1902) has given a lengthy and 
elaborate account of the chemical and staining reactions 
of many different kinds of granules which occur in many 
different Bacteria. After a discnssion of the various kinds of 
granules which he studied—especially the “ metachromatic 
granules ” (“ Volutanskugeln ”)—he finally decides in favour 
of the nuclear views of Meyer. The "nuclear” granules of 
most other observers are probably not nuclei. (In connection 
with these granules see also Guillierniond [1900, 1910, etc.], 
Meyer [1904], Eisenberg [1910], etc.). 

Under the name Spirillum colossus, Errera (1902) 
describes an enormous spirillar form. Darkly staining masses 
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of variable form are seen in dried and stained preparations. 
Their interpretation is not indicated. (This organism is 
certainly worthy of a careful cvtological study.) 

Federowitscli (1002) studied B. megath eri n m, B. pyo- 
cyaliens, and other Bacteria. He found stainable grannies, 
which play a part in spore-formation, in the cells. But he 
believes that “no nucleus like that of higher cells” is 
present. The method of fixation is not given; AVeigert’s 
stain was employed. 

Ruzicka (1903) finds granules present in many Bacteria 
after fixation with IlgCL and staining with methylene blue. 
A definite interpretation is not given to the granules. In 
later papers (Buzicka, 1908, 1909, etc.) he advocates the 
view that the bacterial cell represents a naked nucleus. 

Ficker (1903) discusses the problem of the nucleus in 
Bacteria. He expresses the opinion that it is premature to 
draw any conclusions with regard to either granules or nuclei. 

Mend (1904), using careful cvtological methods, finds 
typical nuclei in Bacilli inhabiting the gut of the cockroach. 
He also finds nuclei in B. megatherium. In 1905 he 
describes nuclei of many different forms in filamentous water 
Bacteria (Cladothrix, etc.), after staining intra-vi tarn with 
polychrome methylene blue. Later (Mend, 1907) he gives a 
minute description of Bact. gam mar i, describing the various 
appearances seen in resting and mitotically dividing nuclei. 
He also published in the same year (Mend, 1907a) a more 
detailed account of the symbiotic Bacteria of the cockroach. 
Quite recently he has given a description of the nuclei in 
Sarcina and Micrococci as revealed by staining with 
polychrome methylene blue intra-vi tarn and subsequently 
clearing in glycerine. Mend’s results have been adversely 
criticised by Gnilliermond (1907, 1908, 1910) and Meyer 
(1908). The latter states that Mend’s nuclei are really volutin 
granules; the former believes they are the septa formed in 
the cells during cell-division. Mend (1909) has replied to 
Gnilliermond’s criticisms and maintains the correctness of his 
own interpretations. 
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Dietrich (1904), after reviewing the literature on the subject, 
says: “ Wir wollen nnr noch als Hauptergebnis betonen, 
class alle Versuche, Kerne in Bakterien zu fin den, als 
gescheitert zu betrachten sind.” 

Preisz (1904) gives an elaborate account of the structure 
of the anthrax Bacillus. He studied the organisms after 
mixing* them with alcoholic fuchsin, formol-fuchsin, or methy¬ 
lene blue. He maintains that the nuclei described by 
Schottelius, Xakanishi, etc., are really more deeply coloured 
portions of the cytoplasm. The real nuclei are in the form 
of minute spherical corpuscles, one or more in each cell. 
They undergo division. They are distinct from the meta- 
chromatic granules of Babes and Ernst, and from the acid- 
fast grannies of Bunge. A nucleus enters into each spore. 
He finds similar nuclei in B. cohmrens, B. tetani, and B. 
asterosporus. His conclusions are therefore essentially 
the same as those of Meyer. (Cf. here also Georgeviteh 
[1910].) 

Dayman and Kruis (1904) describe typical nuclei—similar 
to those found by Vejdovsky and Mend—in a variety of 
Bacteria (B. mycoides, B. tumescens, etc.). They are 
found in young cells only. The method of treatment is 
peculiar —fixation by desiccation (in a desiccator) and staining 
with iron-haernatoxylin and purpuriu. Excellent photo-micro¬ 
graphs are given. The conclusions of these investigators are 
challenged by Guilliermond (1908). 

Swellengrebel (1906) records the results of a minute cyto- 
logical and micro-chemical investigation of Bacillus maxi- 
mus buccal is. He finds a nucleus present in the form of 
a more or less complete spiral or zig-zag filament. In the 
following year (Swellengrebel, 1907), he describes two large 
spherical nuclei in Bacterinmbinu cleatum—ait organism 
from the human mouth. He also describes spiral or zig-zag 
nuclear filaments or rodlets in Spirillum giganteum 
(Swellengrebel, 1907a), and subsequently (1909a) in certain 
filamentous Bacteria (Sph aer otil u s, Thiotlirix). His 
results have been questioned by Holling (1907), Zettnow 
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(1908), and Gnillierinoncl (1908). The various objections raised 
against his work have been answered by Swellengrebel 
(1908, 1909), who maintains the correctness of his conclu¬ 
sions. 

Guilliermond (1907) gives an excellent brief review of 
previous results upon the cytology of Bacteria. In the follow¬ 
ing year (Guilliermond, 1908) he describes the structure of a 
number of Bacilli (B . radicosus, B. inyeoides, B. mega- 
therium, etc.). He believes that in all these the nucleus 
is in the form of granules of chromatin (chromidia)-—distinct 
from the metachromntic granules—scattered through the 
cytoplasm. These granules become massed together to form 
the spores. He criticises the results obtained by many other 
investigators. Various cytological fixing and staining 
methods were employed in his researches. In a more recent 
paper, Guilliermond (1909) describes nuclei in the form of 
spiral filaments—like those found by myself—in two species 
of Bacillus (from the gut of Ech i no card i u m) and a large 
S p i r i 11 u m . 

In 190S I gave the results of cytological researches which 
I had undertaken upon the structure and life-history of 
several Bacteria. I described a new large disporic Bacillus 
—B. flexilis, from the gut of frogs and toads—whose life- 
history is essentially the same as that of B. biitschlii 
described by Schaudinn (1902). I also described another 
organism—which I named Bacillus spirogyra—from the 
same hosts, in which the nucleus is in the form of a spiral or 
zig-zag* filament. I described further in Spirillum moiio- 
spora—from the frog and toad also—a, nucleus of the 
chromidial form. The chromidia mass themselves together 
in forming the spores. In 1909 I gave a more detailed 
description of B. spirogyra. I discussed the nature of the 
nuclear filament, and described the part it played in spore- 
formation—a process which I described in detail. I descibed 
in addition the structure and method of spore-formation in 
B. lunula, which resembles in these respects B. spirogyra, 
As a result of this work, I reached the conclusion that the 
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“autogamy” of P>. biitschlii (Schaudinn, 1002) and B. 
flexilis was probably not a sexual process at all. 

Amato (1908) describes results obtained by staining several 
Bacteria (B. mycoides, Sp. volntans, etc.) intra-vitani 
with Brillantcresylblan. He believes that in the spore, and 
at the beginning of development, a relatively large spherical 
nucleus is present, which breaks up subsequently into cliro- 
niidia. The divergent views of different observers may have an 
explanation in the fact that they observed similar organisms, 
but at different stages in their development. 

Dangeard (1909) records the results of a re-investigation 
of C h ro m a t i n m. By fixing with Flemming or Perenyi, 
and staining with various stains (especially Flemming*’ s 
triple), he confirms the description of this organism given by 
Biitsohli. A “central body'’ corresponding to a nucleus is 
present. Additional evidence for regarding the “ central 
body” as a nucleus is afforded by the fact that a rhizoplast 
can sometimes be seen connecting the flagellum with this body. 

Ambroz (1909) gives a lengthy description of Bacillus 
nitri. As a result, he reaches the same conclusion as Buzicka, 
— that Bacteria are nuclei. Fixation is said to have been 
effected with a concentrated solution of “ HCF,” 1 and staining 
chiefly with Cfiemsa. 

Under the name “ llillhousia ” mirabilis, West and 
Griffiths (1909) describe a very large sulphur bacterium. 
There is said to be a protoplasmic network present, containing 
granules believed not to be chromatin. “ Xothing of the 
nature of a definite nucleus is present.” Details — especially 
as regards the method of using formol as a fixative — are too 
scanty for this conclusion to be accepted without further 
evidence. Xo reference is made to the work of Biitschli, 
Schewiakoff, Hinze and others, on similar forms. 

Decently, an account of the structure of the long forms of 
B. coli, B. typhosus, etc. — produced by growing these 
organisms on culture media containing aniline dyes—’lias been 

1 I presume this means HgCL,~ and not HC1, as given By Guiltier- 
mend in a review of this paper in * Bull. Inst. Pasteur.’ 

VOL. 56, PART 3.-NEW SERIES. 
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given by Vay (1010). He finds large irregular masses of 
darkly stained substance — which he calls chromatin — in these 
organisms. He does not appear to be aware that the pro¬ 
duction of these forms on coloured media had already been 
described by Walker and Murray (1004). 

Such, then, is a very condensed account of the chief work 
which has hitherto been published concerning the problem of 
the nucleus in Bacteria. 

In all work in which inadequate technique has been em¬ 
ployed— for example, in all studies in which only dried and 
fiame-fixed organisms have been examined —the conclusions 
attained can have little value from a cytological point of view. 
In many publications, moreover, the descriptions both of 
results and of methods are so meagre as to render discussion 
of them either unprofitable or impossible. Therefore I shall— 
on either or both of these grounds — eliminate the following 

o o 

works from any further discussion : 

Ivunstler and Busquet (1897, 1S9S), Kunstler (1900), 
Kunstler and (fineste (1906, 1906 a), Scliottelins (1888), 
Zettnow (1891, 1899), Protopopoff (1891), Wager (1891, 
1895), Sjobring (1892), Trambusti and Haleotti (1892), 
Ilkewicz (1894), Lbwit (1896), Wagner (1898), Zieiuann 
(1898), Marpmann (1900), Feinberg (1900), Errera (1902), 
Federowitsch (1902), West and Griffiths (1909), Vay (1910). 

I think most cytologists will agree with me that no profitable 
discussion of these papers is possible. 

Material and Methods. 

As I have already indicated above, 1 have made a special 
point of working upon the largest forms of Bacteria which I 
have been able to find; but I have studied in addition a. 
number of small forms, when they have been suitable. 

Small Bacteria are not only very difficult to investigate on 
account of the limitations imposed by the microscope, but 
they are also in many cases unsuitable in other ways for cyto¬ 
logical study. They occur frequently in media which render 


CONTRIBUTIONS TO THE CYTOLOGY OF THE BACTERIA. 41o 

the making of good microscopical preparations exceedingly 
difficult and laborious,. and they contain granules (reserve 
material, etc.), which are relatively of such a size as to obscure 
much of the structure of the living substance itself. For the 
latter reason, the sulphur Bacteria, in spite of their large size 
in many cases, appear to me to be unfavourable objects for 
study—as a starting-point, that is to say, on our way to a 
comprehension of the organisation of Bacteria. 

Another point that has seemed to me of some importance 
is this. Much of the work which has been done upon the 
structure of Bacteria has been based on a study of organisms 
which have been kept in cultures for a greater or less period 
of time. It seems to me highly probable that the discordant 
results of different workers may in many cases be due to 
cultural differences in the organisms studied. Different 
culture media may be used in the cultivation of Bacteria : 
but although “pure” cultures may be obtained in half a 
dozen of these, it does not follow that all or any of the 
colonies so obtained consist of normal individuals. Bacteria 
are not found in nature as a rule in pure cultures, and this is 
a point which should not be overlooked when considering 
their normal structure. Culture methods are of the greatest 
service in the separation of various microbes from one another, 
but it does not at all follow that all pure cultures of a given 
organism are identical, or that they contain individuals which 
are in every way the same as those living in their natural en¬ 
vironment. I have therefore not studied Bacteria grown in 
artificial culture media, but have confined my attention for 
the present to organisms in their natural habitat. The fact 
that the Bacteria which I have investigated are not—for the 
most part—previously described and named “ species” from 
pure cultures, is therefore not an objection which can be urged 
against my results, but a necessary consequence of the point 
of view from which I have attacked the problem. 

As a source of material, I have found the intestinal contents 
of various animals most useful. The contents of the large 
intestine in many animals is swarming with Bacteria, frequently 
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of large size The consistency of the intestinal contents, 
moreover, is usually such as to render the making* of micro¬ 
scopic preparations (smears, etc.) comparatively easy. I 
have found the contents of the large intestine of Amphibia 
and lleptilia especially suitable ; but insects, mammals and 
other animals also contain a rich supply of suitable material 
which is as yet almost untouched. Most of the organisms* 
which I am about to describe have been obtained from frogs, 
toads and lizards. 

I have found in all the animals which I have studied that 
the Bacteria in the large intest ine vary enormously — in different 
individuals—both as regards the number of different forms, 
and the number of microbes as a. whole. In the frog, for 
example, some individuals may contain very few Bacteria — 
mostly of the same form — whilst others may contain countless 
numbers of Bacteria of the most diverse forms. This is, of 
course, only what one would expect. 

As the source of the material will be found under the 
description of each organism, I shall here say nothing more- 
detailed regarding this, but will now devote a few words to a 
description of the technique which I have employed in my 
researches. I have already (Dobell, 1D0S) given a brief 
account of some of the methods which 1 have used. 

I have tried most of the methods of fixation and staining* 
which are usually employed in cytological work. It is usually 
necessary to modify the ordinary procedure in one way or 
another when dealing with Bacteria. In my experience, 
Die usual methods of fixation (e.g. corrosive sublimate, 
Flemming's solution, Hermann's solution, osmic acid, formal in, 
various picric acid and bichromate solutions, etc.) may all — 
under suitable conditions, and with careful procedure — be 
made to give excellent results. Fixation is most easily and 
effectively accomplished by making a wet film of the in¬ 
testinal contents— or other medium in which the Bacteria 
occur—on a coverslip, and then dropping it film-side down¬ 
wards upon the fixing solution. Drying previous to fixation 
is, of course, to be avoided. The usual bacteriological method 
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-of making* dry films and fixing them by passing them through 
a flame is quite worthless from a cytological point of view, 
owing to tlie plasmolysis and distortion which it brings about. 

When the medium containing the Bacteria is too watery to 
allow of fixable films beeing made, gelatine or albumen may 
be added until a film of suitable consistency is obtained. If 
the medium be too thick, one must of course be careful to use 
isotonic salt solutions for its dilution. 

Most of the ordinary cytological stains (e.g*. DelafiekTs 
hannatoxylin, carmine, safranin, etc.) I have found unsuitable 
for Bacteria. They—like most of the ordinary aniline deriva¬ 
tives—are liable to stain the whole cell uniformly, without 
differentiating the internal structures. This is largely due to 
the marked affinity which the cell wall has for many stains, 
causing it completely to obscure the finer structures present 
in the protoplasm. 

After trying a large number of combinations of fixatives 
and stains, I have latterly confined myself almost entirely to 
two methods. Both of these have proved of the greatest 
value. They are (1) fixation with osmic acid or formalin, 
followed bv staining with one of the modifications of Boman- 
owski’s method, aud (2) fixation with Schandinn’s sublimate- 
alcohol (2 : 1) followed by staining with lleidenhain’s iron-alum 
haematoxylin. The latter method is now so well known (see, 
for instance, Schaudinn, 1002) that I will not re-describe it. 
It is of course a wet film method, and its only disadvantage is 
that it is exceedingly difficult to use, owing to the difficulty of 
obtaining exactly the right degree of differentiation. Indeed 
with different degrees of differentiation quite different appear¬ 
ances may be produced in the same Bacteria, and it is there¬ 
fore necessary to be very cautious in interpreting the results. 
Xevertheless, I believe this method to be one of the most 
valuable for the study of the structure of Bacteria. 

With regard to the first method, I have found it so simple 
and easy to use that I can strongly recommend it to others. 
My method of procedure is as follows. I take a drop of the 
•medium containing the Bacteria and place it in the centre of 
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a carefully cleaned glass slide (or coverslip) by means of a 
platinum loop. I then place a drop of 1 per cent, osmic acid 
or strong formol (40 per cent, formaldehyde, Scheriug) beside 
the first drop, and then mix botli together and spread the 
tim'd in a thin and even film on the slide. I then allow the 
film to dry, which usually takes a few minutes. Xo heating 
should be used to accelerate the process. The slide or 
coverslip with the dried film is then placed in absolute alcohol 
for about ten to fifteen minutes. It is then removed, and the 
film allowed to dry once more. 1 then stain the film with 
Giemsa’s or Leishman ; s stain in the usual way. After 
staining I differentiate in 30 per cent, alcohol — wash in distilled 
water— dry by blotting with a cigarette paper — and mount in 
cedar wood oil or neutral Canada balsam. Chromatin 
structures are coloured a bright red; the cytoplasm being- 
bine, lilac or pink, according to the degree of differentiation. 
The structure of many Bacteria is revealed with remarkable 
distinctness by this method — its chief disadvantage being that 
the preparations sooner or later fade, and cannot as a rule be 
satisfactorily re-stained. 

The above method of fixation — which I term the drop 
method —calls for some further comments. In the first place, 
it might be urged that the drying which takes place would 
be liable to injure the organisms, and give rise to misleading 
appearances. This is not so, however. If the Bacteria are 
fixed with osmic acid or formol before dicing is allowed 
to take place they are nob plasmolysed or injured in any 
way. It is only when drying takes place before li xa ti on 
that such disastrous results ensue. 

I have made many preparations by other methods as 
controls. I have made wet films and fixed them by immersion 
in 1 per cent, osmic acid or formol : l have also made wet films 
and fixed them by exposure to osmic vapour : and 1 have then 
stained these films by modifications of Bomanowski’s method 
and mounted them in balsam without allowing any drying to 
take place at any stage in the proceedings (cf. Dobell, 1908). 
The final results obtained in all these cases are almost in- 
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distinguishable from one another. The only real difference 
observable is that the organisms which have been dried 
appear slightly broader than those which have not—owing to 
the slight flattening which drying brings about. The internal 
structures appear exactly alike. Controls with wet Aims fixed 
with sublimate-alcohol and stained with Heidenhaiids iron- 
hmmatoxylin give confirmatory results. I therefore think 
that the drop method of fixation, when employed in the 
manner described, gives reliable cytological results in the case 
of Bacteria. 1 On account of the ease with which osmic acid 
or formol may be employed in this manner, I have used them 
more frequently than any other fixatives. 

Another point which calls for comment concerns the use of 
alcohol after fixation. When “osmic acid” (more correctly, 
osmium tetroxide, OsO,) is used—either in solution or in the 
form of vapour—it is, of course, unnecessary to treat the pre¬ 
parations subsequently with alcohol—so far as complete fixa¬ 
tion is concerned. In practice, however, I find that films 
fixed by osmic vapour or by the drop method adhere to the 
slide or coverslip better if they are hardened in absolute 
alcohol for a short time after fixation. When formol is 
employed, however, it is absolutely necessary to employ 
alcohol subsequently. As is well known, formaldehyde fixes 
protoplasmic structures without precipitating them in an in¬ 
soluble form. It is therefore necessary to place the fixed struc¬ 
tures in strong alcohol before proceeding further— otherwise 
fixation may be completely undone in subsequent treatment. 2 

1 1 may add that beautiful preparations of small flagellates and 
other Protista may also he obtained in this way. 

2 Cf. Gustav Mann (lflufl). This point seems worthy of attention. 
I note that Swellengrebel (11*06) fixes Bacteria hy the drop method, 
using formalin. But he does not appear to nse alcohol subsequently, 
so that many of the appearances which lie describes may he due to 
imperfect fixation. If it is desired to use formalin alone — without 
using alcohol at all — and to use stains in watery solution, the fixation 
may be preserved by adding a small percentage of formalin to all the 
stains, etc., employed after the original fixation. If it is desired to 
dilute the formalin used in fixation, this should be done with isotonic 
salt solution — not with water. 
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Sometimes excellent results may be obtained by making 
ordinary dry films, fixing with absolute alcohol, and staining 
in the usual way with Griemsa or Leishman. This method is 
not to be relied upon, however, and should never be employed 
alone. Giemsa 5 s new wet method (vide Giemsa, 1009, 1010) 
appears to give excellent results, but I have not used it myself 
for Bacteria. 

I have employed intra-vitam stains in many cases, but 
with little success — so far as unclear structures are concerned. 
I have used neutral red, Brillantcresylblan, and methylene 
blue. Many other workers appear to have been more 
successful with these stains (e.g. Mend, who has obtained 
most striking results with polychrome methylene blue). In 
my experience, only non-living structures in the cells (meta- 
chromatic granules, etc.) can be stained during life. But 
doubtless much depends upon the stain itself. Different 
samples of methylene blue—for example — may give quite 
different cytological results. 

Descriptions of the Forms Investigated. 

Having already given as briefly as possible the most im¬ 
portant results which have been reached by previous work on 
the cytology of Bacteria (see p. 300), I shall pass on to a detailed 
description of my own observations. In this description I 
shall make no attempt to compare or to correlate my own 
results with those of others—my object being to give only the 
facts which my own work has disclosed. A discussion of all 
the results—obtained by other workers and by myself — will 
be reserved for a subsequent section of the paper (see p. 
462, et seq.). 

In describing the various forms which 1 have investigated, I 
have — for convenience — divided the organisms into five main 
groups. These are the Cocci, Bacilli, Spirilla, “fusiform 
Bacteria/ 3 and a group of other organisms which resemble— 
but are not — non-motile rod Bacteria. I shall deal with each 
of these groups separately, and in this order. 
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1. Coccus Forms. 

Cocci of various sizes are very common in tlie larsre in- 
testines of many different animals. Unfortunately, however, 
they are usually of very small size, and hence exceedingly 
difficult to study accurately. I have examined many cocci 
from the large intestines of frogs and toads (liana tempo- 
raria, R.esculenta, Bnfo vulgaris), of newts (Triton 
vulgaris), of cockroaches (Per i plan eta a m e ri can a and 
Stylopyga orientalis) and of several different snakes. All 
these have proved to be of little value, because the organ¬ 
isms were usually so small that I could not be certain of their 
structure as seen under the microscope. The living organisms 
were usually very retractile, and showed no internal structure 
which could be definitely separated from appearances due to 
optical phenomena. For instance in a small Microcoecu s— 
examined under a high power — a dark spot of varying size 
can often be distinctly seen in the centre of the organism. 1 
This is not, I believe, a definite body—such as a nucleus— 
lying in the cell, but is merely an appearance caused by optical 
phenomena connected with the microscope. 

( A ) Micrococci. 

Only two Micrococci of suitable size for investigation 
have come under my notice, but they have both revealed a 
structure which is quite unmistakable. Both forms were 
found in the large intestines of lizards—Lacerta mural is 
nnd M a b n i a c ar i n a t a. 

M i c r o c o c c i from Lacerta m u r a 1 i s . 

The lizards were obtained in the neighbourhood of Naples. 
I found that nearly all of them harboured a large Micro¬ 
coccus in greater or less numbers. 

1 These appearances probably led Schottelins (1888) to believe that 
lie could see a nucleus in living Bacteria. 
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The living Micrococci, examined in the contents of the 
large intestine immediately after removal from the lizard, 
showed no very definite structure. I have been unable to 
convince myself of the presence of any internal structures 
from an examination of living organisms alone. 

With stained preparations, however, the case is very 
different. I have obtained the best results after fixation with 
1 per cent, osmic acid or formalin, and after staining with 
Giemsa’s or LeishmaiPs stain in the manner already described 
(see p. 41b). The following descriptions apply to organisms 
treated in this manner. 

The Micrococci occur singly, in pairs, or in chains. They 
are usually perfectly spherical, and have a diameter (in fixed 
and stained specimens) varying from rather less than 1 ft, up 
to 2 /t. All intermediate sizes may be found. It is possible, 
of course, that the different sized forms are really different 
species. They all occur together, and in company with many 
other forms. But it is quite immaterial, for my purposes, 
whether they are one species or one hundred, for they all show 
a structure which is the same in each individual, and it is with 
tlieir structure that I am concerned. 

Every individual, after lixing and staining (cf. PI. 17, 
fig. 15), shows a uniformly coloured cytoplasm, a well-marked 
cell wall, and a centrally situated, darkly staining body. This 
central body is always present. It is roughly in the form of 
a spherical granule, but may appear more or less square or 
triangular in optical section. It always takes up the chromatin 
stain strongly. 

Among the ordinary “resting” forms just described, a 
number of dividing organisms can usually be found. The 
details of the process of division can be followed in stained 
specimens with great clearness, and present features of con¬ 
siderable interest. 

Division—which results in the formation of two equal 
daughter-cells—takes place as follows (see tigs. 4G-49). In 
the first place, the central body becomes elongated—the cell 
itself also exhibiting a slightly rod-like form—and assumes a 
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characteristic dumb-bell shape (fig. 46). The long axis of the 
dumb-bell coincides frequently with the long axis of the cell^ 
but it is also often seen to be slightly displaced from this axis 
— occupying a somewhat oblique position in the cell. The 
ends of the dumb-bell separate from one another, but remain 
attached by the slender intermediate strand for some time. 
When the central body has reached this stage, a constriction 
appears in the middle of the cell in a plane at right angles to 
the long axis of the dumb-bell figure. The cell now presents 
the appearance shown in fig. 47 (PI. 17). A little later the ends 
of the dumb-bell lose their connection with one another, 
through the disappearance of the connecting strand. The 
constriction of the cell wall is now more marked (fig. 48). 
After the two new central bodies have been formed in this 
way from the original body, the cytoplasmic constriction 
becomes complete, and two daughter-cells are formed which 
lie at first in close contact with one another (fig. 4G). In this 
D iplococc ns-condition the daughter-cells may remain; or 
they may separate forming two free M i crococci; or they 
may divide again, and so give rise to a chain of coccus forms. 
Division always takes place in the manner just described—the 
central body dividing with the formation of a characteristic 
dumb-bell figure, and being followed by the fission of tlie 
cytoplasm. 

Now I think there can be little cause for complaint if I call 
the central deeply staining body a nucleus. This body is a 
constant morphological feature of every cell : it divides with 
the formation of figures which are closely comparable with 
those of a very simple amitosis—on a very small scale : and 
is takes up the unclear stain strongly. 1 shall discuss this 
more fully in a later part of the paper, and will henceforward 
call the central body the nucleus. 

As I have pointed out above, the dividing nucleus not 
uncommonly occupies a slightly oblique position in the cell. 
It also shows occasionally another modification, which is of 
the greatest interest—a modification which is characterised 
by the dividing nucleus assuming the form of a zig-zag 
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filament. This condition may be more or less strongly 
marked : it may take the form of a simple bend, or it may 
take the form of a spiral filament consisting of one or more 
turns (see fig. 52). 

It might be urged that the bilobed cells which contain 
a zig-zag, bent, or spiral filament are really different organisms 
from those under consideration. The proof that this is not 
the case lies in the fact that all stages can be found together 
in the same chain of organisms (fig. 52). There can be very 
little doubt that these chains are formed from the successive 
divisions of an originally single Micrococcus. In the short 
chain depicted in fig. 52, a pair of such forms is seen at the 
lower end of the chain. Above these, four dividing cocci are 
seen which show various modifications of the dividing 
nucleus, from a slightly distorted dumb-bell figure to a 
zig-zag or spiral filament. 

L regard this configuration of the nucleus as of considerable 
significance. The matter will be discussed at greater length 
in a subsequent section of the paper (see p. 471). 

Cocco-bacillar Forms from Lacerta muralis. 

Xow in addition to the coccus forms which I have just 
described, there are many organisms which cannot be very 
definitely classified with either coccus forms or bacillar forms, 
but which occupy an intermediate position. These forms 
(fig. 50) present the appearance of a slightly elongated sphere, 
or of a very short rod with rounded ends. The shortest, most 
spherical forms (fig. 50, upper right-hand individual) have a 
nucleus which is in the form of a short and usually bent 
rodlet. The longest forms (fig. 50, lower and upper left- 
hand individuals) show a nucleus which is in the form of a 
filament arranged in a more or less zig-zag or spiral manner. 
That such organisms are in a u resting*” (i.e. not dividing) 
state, appears certain from the fact that no cytoplasmic 
constriction can be seen (compare figs. 45-50 and 52). 

As 1 have already noted, the ordinary M i crococcn s 
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forms show slight irregularities in the contour of the nucleus; 
and it is, in fact, frequently impossible to decide whether an 
individual should be described as a Micrococcus or a cocco- 
bacillar form. All intermediate gradations occur, so that— 
although an absolute proof is lacking—I believe that all these 
forms, from typical Micrococcus to typical Bacillus, are 
reallv stages in the life-cvcle of one and the same organism. 1 
For the present, however, I will confine myself to describing 
the morphological features of these forms—merely pointing* 
out that, side by side in the same host, all forms occur from 
typical, spherical cocci with a spherical nucleus, to typical 
rod-shaped bacilli with a zig-zag or spiral unclear filament. 

Micrococci from Mabuia carinata. 

These Micrococci were obtained from the large intestine 
of the Brahminv lizard (Mabuia carinata), caught in 
Ceylon (Colombo). They are of smaller size than those just 
described, and I have examined, relatively, only a small 
amount of material. 

The organisms (PI. 16, figs. 42—44) have an average diameter 
of about 1 on, or rather less. They are spherical, and show 
a centrally placed nucleus just as in the case of the Micro¬ 
cocci from Lacerta mural is (cf. fig. 44). The method 
of division appears to be exactly the same, and I have there¬ 
fore not figured it in detail. Allowing for the difference in 
size, figures 46-49 would be equally good representations of 
the dividing individuals of this form. 

Coccus or cocco-baeillar forms in the gut of M. carinata 
also show the zig-zag form of nucleus (fig. 43). I have not, 
however, a complete set of stages between cocci and bacilli, 
as in the case of the Bacteria from Lacerta muralis. 

These Micrococci do not present any other features of 
special interest. I have described them because they are the 
only other cocci which have furnished me with unequivocal 
evidence regarding their cytology. 

1 For further consideration of this see p. 4^-1. 
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(b) Save in a. 

After investigating the structure of the ordinary Micro¬ 
coccus forms, I naturally became curious to see what sort of 
structures could be found in the Sardine. For some time 
I endeavoured to ascertain the exact structure of a Sarcina 
-which is very common in the English frog and toad, but I 
was unable to reach any definite conclusions owing to the very 
small size of the individual cells. Other Sard nae from other 
animals proved equally difficult, but at last I discovered a 
large and suitable form in the large intestine of a Ceylon toad. 
This organism I will now describe. 

Sarcina) from l>ufo me! an ost ictus. 

These Sardine were obtained from a, single toad which 
was captured near Colombo. All the preparations were made 
by fixing in I per cent, osmie acid and staining with Giemsa's 
stain. The following description therefore applies to organ¬ 
isms treated in this manner. 

Sarcina is, of course, simply a colony of cocci, arranged 
typically in groups of eight individuals in three dimensions of 
space. The groups originate by the successive “ cleavages ” 
—like a developing egg — of a single coccus cell. 

The individual cocci which compose the cell-groups of the 
Sarcina under consideration are of very large size. They 
measure on the average a little over 2 /t in diameter — some 
cells attaining a diameter of 2 5 /t. 

Tn the living organism, it can be seen that nearly every cell 
contains one large retractile granule. This is probably reserve 
material of some sort. Sometimes this granule may be absent 
and occasionally two such structures are to be seen. Xo other 
internal structures can be made ont with certainty in the fresh 
state. 

Upon staining the organisms, however, the structure of the 
cell can be readily demonstrated (see figs. 24-29, PI. 10). The 
cytoplasm appears a uniform blue, 1 and sometimes shows a 
1 Or pink, if the blue is extracted with alcohol after staining. 
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faint granular or alveolar structure. The refractile granules 
remain unstained, or after prolonged staining may take on a 
faint yellowish-pink tinge.. In each cell a dark red granule— 
corresponding with the nucleus described above in Micro¬ 
cocci—can always be found. The position of this nucleus in 
the cell varies. It does not always lie in the centre, but is 
usually near this point, and very often in contact with the 
refractile granule (of. figs. 24-20). 

In resting* cells, the nucleus has always this form of a simple 
grannie. This is seen in fig. 24, which shows a two-cell stage. 
Division of the nucleus precedes the division of the cytoplasm, 
and is effected in the same way as the nuclear division of the 
M icrococci described above. The grannie elongates slightly, 
assumes a, dumb-bell figure, and then separates into two 
daughter-granules. Fig. 27 shows a three-cell stage, in which 
the two daughter-cells on the left have completed division, 
whilst the nucleus of the cell on the right is dividing. Fig. 
20 shows a later stage. The two cells on the left contain 
dividing nuclei, whilst the single cell on the right contains 
two daughter-nuclei—cytoplasmic fission having not yet 
occurred. Fig. 28 shows a four-cell stage, each cell contain¬ 
ing a resting nucleus, hi fig. 25, one of the nuclei (upper 
left-hand cell) has divided into two, and in fig. 20 three out of 
the four cells show dividing nuclei. The eight-cell stage 
which results from the division of these four cells shows 
exactly the same sort of nuclei. 

Judging from the large number of cells which showed 
dividing nuclei, 4 should think that cell division takes place 
very slowly in this organism, but I made no observations on 
this point on the living organisms. 

It will be apparent, I think, to anyone who will compare 
the figures of the S a rein a with those of the Micrococci, 
that the structure of the cell and its nucleus—both durino* 

o 

rest and during division—is esseutially the same in both 
forms. 

I will now pass on to a description of the bacillar forms 
which 1 have been able to investigate. 
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2. Bacillar Forms. 

In two previous papers (Dobell, 1908, 1909), 1 have given a 
description of the structure and method of spore-formation in 
two larsre Bacteria which T obtained from the large intestines 
of frogs and toads. These two forms I named Bacillus 
flexilis and Bacillus spirogyra. The former is charac¬ 
terised by having a, nucleus in the form of chromidia scattered 
through the cytoplasm : the latter by having a nucleus in the 
form of a spiral or zig-zag filament. B. flexilis, moreover, 
is a very large, flexible organism and forms two spores: 
whereas B. spirogyra is considerably smaller, rigid, and 
forms a single spore. As most of the Bacilli which I am 
now about to describe are organised in a manner similar to 
that of these forms, I shall — for convenience — refer to them 
frequently as Bacilli of the flexilis type or spirogyra 
type; meaning thereby that the organisms under discussion 
are structurally similar to one of these forms, though implying 
nothing as regards difference or identity of species. 

(a) Bacilli of the flexilis Type. 

(1) Bacillus flexilis.—Although 1 have already given a 
detailed account of this organism (Dobell, 1908), I shall here 
add a few further observations on its structure, as it seems to 
me of considerable importance that its cytology should be 
made absolutely certain. 

original figures were drawn from preparations stained 
by (iiemsa’s method. The various modifications of this 
method which I employed I have already given — as also 
several other methods which gave me satisfactory results. I 
would here emphasise the fact that all methods which give 
reliable cytological results reveal exactly the same structure 
in this organism. They show a number of deeply staining 
granules scattered through the cytoplasm — an appearance 
which I have interpreted as a nucleus in the form of 
chromidia. Subsequent work on this and allied forms has 
convinced me of the correctness of this interpretation. 
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On account of its very large size, B. flexilis is particularly 
well suited for observations upon its structure. I will now 
describe the appearances which it presents when fixed by a 
good wet method and stained by a good cytological stain. 

I have given two figures of organisms so treated (PL 18, 
figs. 119, 1-0). Fixation, sublimate-alcohol (Schaudinn); 
stain, HeideuhaiiPs iron-hannatoxyliu. It may be noted here 
that although this method gives good results on the whole, it 
is very difficult to obtain uniformly sharp differentiation. 
Different individuals behave differently towards the stain, so 
that in the same preparation well-stained, over-stained and 
under-stained organisms are often found side by side. 

Alien examined under the highest magnification which I 
have been able to use (Zeiss 2 mm. apochromatic oil- 
immersion, compensating ocular IS) the following internal 
structure can be made out. The cytoplasm appears homo¬ 
geneous and very finely granular (as it does in life) or else 
shows a rather indistinct alveolar arrangement cf. fig. 120). 
The very well-marked cytoplasmic alveoli described by 
Schaudinn (1902) in B. biUschlii are very much more 
distinct than anything I have ever seen in B. flexilis. In 
the latter the cytoplasm is, at most, slightly alveolar. A 
number of round black granules can be seen scattered 
through each cell (figs. 119, 120). They are usually more 
numerous towards the periphery than in the centre. These 
granules constitute—I believe— the nucleus, and are probably 
composed largely of chromatin. Their behaviour during 
spore-formation I have already described (Dobell, 1908). Xo 
other structures are to be seen. 

I believe that the figures (figs. 119, 120) give a faithful 
picture of the structure of B. flexili s. I am convinced that 
were other structures present —e. g. a vesicular nucleus, or a 
nuclear filament — they would have been visible in some of my 
preparations. I conclude, therefore, that the internal structure 
of B. flexilis consists simply of a faintly alveolar cytoplasm 
in which small granules of chromatin are imbedded. 

Having said so much about B. flexilis itself, I will now 
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describe some very similar forms which I have been able to 
examine. 

(2) Bacilli of the flexilis type from Lacerta 
mnralis. — I found these organisms in the large intestine of 
Lacerta mnralis captured in the neighbourhood of Naples. 
Many lizards which I examined contained these organisms, 
but I have no record of the exact percentage of animals 
infected. Possibly it is the same organism which Prowazek 1 
observed in lizards in Bovigno. But from his very brief 
mention of it as “ ein grosser mit zwei Polkbrpern ans- 
gestatteter Bazillns/' it is impossible to be certain. 

These bacilli are of very large size, but they are usually 
smaller than P>. flexilis. The largest individuals which I 
have measured are about 80 /t in leng’th, with a breadth of 
rather less than 2 p. The ends are blunter than in B. 
flexilis, but the organisms are flexible in the same way. 
Figs. So and 84 (PI. 17) show two of these forms after fixation 
with osmic vapour and staining with (tiemsa. Figs. 1 88 and 
134 (PI. 18) show two other individuals — one of them (fig. 184) 
undergoing division — after fixation with sublimate-alcohol and 
staining with Heidenhain. It will be seen that all of them 
show essentially the same structure —a structure, moreover, 
identical with that of B. flexilis. There is a uniform or 
slightly alveolar cytoplasm containing chromatin grannies 
scattered through it. 

Division takes place in this organism by constriction — not 
bv septation—as in B. flexilis. I have not observed its 
method of forming spores, but 1 believe that it is probably a 
disporic form. 

In addition to this organism of a typical flexilis form, I 
found some smaller Bacteria, which show a similar kind of 
organisation, in the large intestine of L. mnralis. I hey 
were of different sizes and forms, and may be different species 
or stages in the life of the same species. It is impossible to 
be certain from a comparison of the fixed and stained organ- 

1 “ L^iitorsnclmngeii iibor oblige parasitiselie Flagellaten, * Arb. 
kaiser!. Gfesuudlieitssmitt 1 ,* xxi, l‘JUL p. 1. 
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isms only. Some of these organisms are of large size, and it 
is easy to determine their structure. Two individuals of long, 
slender form are shown in figs. 64 and Go (PI. 17). They 
exhibit a pale, uniformly stained cytoplasm, with relatively 
large chromatin granules distributed through it. The cyto¬ 
plasm is generally free from chromatin granules at the extreme 
ends of the organism. 

'Phis form divides like B. flexilis. It is slightly flexible, 
and motile. I have not observed spore-formation. The 
average length is about 11/*, the breadth a little less than 

i /<• 

I have seen a good many forms which are intermediate in 
size between these forms and the large flexilis forms 
described above in the same host. 1 think it possible that 
there may be some genetic connection between them, though 
it does not appear very probable. 

(3) Bacilli of the flexilis type from M abuia car i - 
nata. — -In the large intestine of a Ceylon lizard, Mabuia 
carinata, I found an organism which is very similar to the 
flexilis forms from European frogs, toads, and lizards. The 
infected Mabuiae were taken in Colombo. 

This organism is shown in figs* 21—23, PI. 16. It is motile, 
flexible, disporic (see fig. 23), and divides by constriction. It 
shows a nuclear apparatus exactly like that of B . flexi 1 i s . 
1 have not been able to obtain all the stages in spore-forma¬ 
tion, so that I do not know whether it displays the same 
remarkable phenomena during this process as are seen in B. 
b ii t s cli 1 i i and B. flexilis. But such stages as I have found 
are very like those of B. flexilis. The average length of 
the organism is about 17 /*—a good deal less than that of B. 
flexilis or the flexilis forms from La cert a mural is. 

As far as my observations go, the ordinary forms of these 
organisms are therefore closely similar. There are differences 
which distinguish these three forms (i.e. those from the frog 
and toad [B. flexilis], from Lacerta, and from Mabuia) 
from one another, but cytologically they are all three 
essentially similar. 
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In the preparations of the contents of the large intestine 
of Mabnia, I also found some small Bacteria which show a 
similar structure. These forms (fig. 41, 14. 16; fig. 76, PI. 17) 
do not exceed about 10/* in length, and are very slender. 
They all show a nucleus consisting of scattered granules of 
chromatin during the vegetative existence of the organism. 

The Bacilli of the flexilis type from frogs, toads, La cert a, 
and Mabnia all appear to have but one form of nucleus— 
that of a, diffuse system of chromidia. But in addition to 
these forms, I have encountered two other organisms which 
—whilst apparently belonging to the same group — present 
certain features which separate them from the others. These 
two organisms were found in the common English newt and 
the Naples lizard, but to my great regret my observations — 
recorded in the ensuing pages — are very incomplete on both 
of them. 

(4) Bacilli of a modified flexilis form from Triton 
vulgaris and La cert a muralis. 

(a) The form from Triton vulgaris.—I recorded in a 
previous paper (Dobell, 1908, p. 122) the fact that an organism 
similar to B. flexilis occurs in the newt. Unfortunately it 
is— as far as my observations go — exceedingly rare. I have 
found it onlv once, inhabiting the large intestine of a T. 
vulgaris captured in the vicinity of Cambridge. Subsequent 
search for the organism in other newts has up to the present 
been fruitless. 

The organism is very long and slender. It is also the 
most flexible of all the flexilis forms which 1 have encoun¬ 
tered. Many individuals attain a length of 80/* and more, 
though the breadth is only about 1 /*. 

The living organisms were actively motile. They showed a 
number of granules of various sizes in the cytoplasm, but no 
other clearly visible structures. 

After fixation with formalin, and staining with Giemsa 
(seep. 415), the organisms could be seen to have the following 
structure (see figs. 79-82, 14. 17). Most of the cells pre¬ 
sented a nuclear apparatus like that of B. flexilis (fig. 79); 
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that is to say, they showed a number of red granules 
scattered irregularly through the cytoplasm. The lalter 
showed no distinct structure as a rule. 

Now, in addition to these forms of the characteristic 
flexilis type, there were other forms which possessed quite 
a different sort of nuclear arrangement (figs. 80, 82). They 
showed a variable number of large, nucleus-like bodies 
arranged in a single row along the whole length of the 
organism. The cytoplasm of these forms was finely granular 
(fig. 80), or sometimes distinctly alveolar (fig. 82). I observed 
a number of forms which appeared to be intermediate in 
structure between these forms and the ordinary chromidial 
forms; but I cannot state with absolute certainty that these 
different forms are not really different species. Though I 
believe that all the forms belong to one and the same species 
— representing* different phases in the life-history— the fact 
that they are possibly different species living side by side 
cannot be ignored. 

This organism is —like the other flexilis forms—disporic. 
[t forms two terminal spores in each cell, but unfortunately 
1 did not succeed in observing all the stages of spore forma¬ 
tion. I have seen the living, actively motile, spore-bearing 
individuals, and also some isolated stages in the formation of 
the spores. Fig. 81 shows one of these—with two large 
chromatin spore-rudiments (as in B. flexilis) at the ends of 
the cell. I have not found stages in which the chromatin is 
arranged in a spiral filament — as in B. biltschlii and B. 
flexilis during spore-formation. It is possible, therefore, 
that spore-formation does not take place in the same manner 
as in B. flexilis, and that the forms which show large 
nuclei arranged in a row are really forms which are about to 
spornlate. This seems to me improbable, however, because 
both long and short individuals (figs. 80, 82) may show this 
arrangement of the chromatin, whilst it is usually in long 
individuals only that spores are fouud. 

As far as my observations go, therefore, it appears probable 
that this particular organism, whilst presenting the flexible 
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form, disporic habit, and chromidial nucleus characteristic of 
other flexilis forms, has also stages in its life-cycle during 
which the chromatin is arranged in a series of large nucleus- 
like masses. The significance of this arrangement has not 
been determined. 

(b) The form from Lacerta muralis. — I obtained this 
organism in a single lizard which J caught near Naples 
(Pozznoli). As in the case of the preceding organism, I have 
been able to make only very fragmentary observations upon 
it. Unfortunately, I examined it onlv casually in the living* 
state— believing it to be the ordinary flexilis form described 
above (p. 428). When alive it showed active movements and 
was flexible—like the ordinary flexilis forms from the lizard. 

To my great regret 1 made only a single preparation of this 
organism — a dry smear on a coverslip, fixed in absolute 
alcohol and stained by Giemsa’s method. All my observations, 
therefore, are based on this scanty and unsatisfactorily treated 
material. 

It might be urged that the appearances presented by the 
organisms in this preparation are due to imperfect fixation. 
This may perhaps be true to some extent, but 1 do not think 
it is altogether justified. In the first place, other organisms 
in the same preparation (e.g. some spirogyra forms and 
other bacilli) appear quite normal. In the second place, 
drying and fixing in this manner never produces similar 
appearances in the ordinary flexilis forms. 

Some of the organisms in this slide are shown in figs. 85-90 
(PI. 17). Many of them are of the form seen in fig. 89 — that 
is to say, they present the appearance of long, slender 
Bacteria of the flex id is type. They possess a nucleus of the 
chromidial type — many of the chromatin grannies being, how¬ 
ever, relatively very large. Large individuals reach rather 
over 40 ft in length, though most of them are narrower than 
the ordinary flexilis forms (ef. figs. 89 and 83). 

I have found in addition to these characteristic flexilis 
forms a number of individuals which display quite a different 
kind of nuclear arrangement. The chromatin is in large, 
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more or less spherical, nucleus-like masses (figs. So, 88, 00). 
Some individuals possess three or four of these structures 
(tig. So), whilst others—usually much shorter—possess but 
one (tig. 88). These “nuclei” bear a strong resemblance to 
the nucleus-like spore-rudiments of B. flexilis and similar 
forms, and it is possible that they are of: a similar nature. 
Spores, however, are not present in any of the organisms. 

A third modification of the chromatin which I found is that 
shown in figs. 80 and 87. It will he seen that the chromatic 
elements are neither in the form of diffuse ehromidia, nor in 
the form of aggregated “ nuclei,” but in the form of a broken 
spiral filament. In no single case did I observe a complete 
filament like that of B. spirogyra. In the organism 
depicted in fig. 80 the chromatin is disposed as follows : a 
dumb-bell-.slmped figure, two nucleus-like masses, and a short 
spiral filament with enlarged ends. Big. 87 shows a single, 
nucleus-like mass, a short spiral filament, a small chromatin 
rodlet, a small dumb-bell figure, and a second more drawn 
out spiral filament. 

After examining all these different forms of nuclear appa¬ 
ratus, my impression is that they are different stages in the 
life-history which are connected with one another in the 
following way. The chromidial form (fig. 89) becomes con¬ 
verted into the “nucleated” form (fig. 8b) by the aggrega¬ 
tion of chromatin at various centres ; this nucleated form then 
gives rise to the form with the spiral filaments (fig. 87) owing 
to the drawing out of the nuclei by a process similar to that 
seen occasionally in the division of the nuclei in Micro cocci 
(compare fig. «VJ). This is very strongly suggested in the 
organisms shown in figs. 80 and 87. 

That this interpretation of the appearances is correct I can¬ 
not, of course, be certain. But the appearances are so sug¬ 
gestive that I cannot refrain from making the suggestion that 
in this organism we have a clue to much that is obscure in 
the morphology of the bacterial nucleus. It seems to me 
highly probable that in this organism three different arrange¬ 
ments of the chromatin — ehromidia, spherical nucleus, and 
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spiral filament—succeed one another at different times in the 
life-cycle. But I will reserve a discussion of this for another 
part of the paper (see p. 481). 

(n) Bacilli of the spi rogy ra Type. 

LTnder this heading I will describe those Bacilli which 
possess a structure like that of Bacill us spirogy ra. I have 
encountered many Bacteria of this form, and believe the type 
of organisation which they display to be a very common one. 

(1) Bacillus spirogyra.—-I have already given a full 
account (Dobell, 1909) of the structure and life-history of 
this Bacillus, which occurs in the large intestine of Ban a 
temporaria and Bufo vulgaris. My published figures 
are all of organisms fixed with formalin and stained with 
Giemsa. As this method involves drying before mounting 1 
(see p. 415), 1 have thought it advisable to publish a few 
more figures of the organism after treatment by a more- 
approved method, though—as I have pointed out on p.416— 
drying after fixation with osmic acid or formalin does not 
appreciably affect the appearance of the cells as a, rule. 

Figs. 117 and 118 (PI. 18) are accurate drawings of 
Bacillus spirogyra fixed with corrosive sublimate and 
acetic acid and stained with lleidenhaiiPs iron-heematoxylin. 
No drying was allowed to take place at any stage during the 
making of the preparation—a moist film cover-glass prepara¬ 
tion of the undiluted contents of the large intestine of a toad 
(B. vulgaris). It is very difficult to obtain good preparations 
of this organism with iron-luematoxylin, on account of the 
strong affinity of the pellicle for the stain. During differen¬ 
tiation the nuclear filament and the pellicle give up the stain 
at almost the same rate, so that one is apt to over-differentiate. 
But when differentiation lias been stopped at exactly the 
right moment, very distinct figures of the cell-structure can 
be obtained. 

The appearances presented by the cells after this method, 
of treatment are essentially the same as those obtained by. 
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osmic or formalin fixation and Cfiemsa staining. This can 
easily be seen by anyone who will compare figs. 117 and 118 
with the figures which I have already published (Dobell, 1900). 
The cytoplasm has a uniform appearance—no granular or 
alveolar structure being apparent. In each cell a darkly 
staining* filament (cf. fig. 117) can be seen. This filament 
usually has a more or less strongly marked spiral or zig-zag 
disposition, and extends throughout nearly the whole length 
of the cell. Its behaviour during* cell-division aud spore- 
formation I have already described in detail (Dobell, 1909). 

In my previous papers I described this filament as a 
nucleus. As I now believe that this interpretation is com¬ 
pletely justified from my subsequent observations, 1 I shall 
continue to refer to this structure by this name. I will say 
no more about the nucleus of 13. spirogyra here, as I have 
already discussed it at some length in my previous papers, 
but I will now pass to a description of some other Bacteria 
which possess the same kind of structure. 

(2) Bacilli of the spirogyra type from Lacerta 
mural is.— In my description of the cocco-bacillar forms 
which I found in the gut of Lacerta muralis, I pointed out 
(p. 422) that many cocci and cocco-bacilli showed nuclei of a 
more or less spiral form (cf. fig*. 50, PI. 17). Larger 
Bacteria of a more definite bacillar form show an even 
greater structural resemblance to B. spirogyra. 

In the first place, there is a large Bacillus, which I found 
very frequently in the lizards whose rectal contents I examined, 
which is almost identical — as regards structure—with the B. 
spirogyra which I found in English frogs and toads. It is. 
a large motile organism (figs. 55-00, PI. 17), rod-shaped, 
with rounded ends, and reaches a length of 9 f.i or slightly 
over. Dividing forms frequently exceed 10 in length. 

The nucleus —as in B. spirogyra—is in the form of a fila¬ 
ment of chromatin, arranged in a more or less spiral or zig¬ 
zag manner. It may be almost linear (fig. 55), thrown into a 
few coils (fig. 57), or much contorted (fig. 60). Sometimes 
1 See discussion on p. 46G, et seq. 


<L CLIFFORD DOBELL. 


43(3 

it has a much shortened and thickened form (fig. 50). It 
displays, in fact, the same range of variations which 1 have 
al rea dv clescr ibed in 1J . sp i r og vra . 

Division of the cell is preceded by division of the nucleus 
into two portions (cf. fig’s. 59, 00), exactly as in if. spiro- 
gyra. The organism is, moreover, monosporic — forming a 
single terminal spore in eacli cell (fig. 58). I have not 
followed out the whole of the stages in spore formation, but 
it appears closely similar to what I have already described in 
detail in the form from the frog and toad. (See Dobell, 
1909.) 

These figures (figs. 55-00) are all from preparations treated 
by the Osinic-Giemsa method (p. 415). I have, however, ob¬ 
tained confirmatory results by other methods. In figs. 91-95 
(PI. 18) organisms are shown which have been fixed 
with sublimate-alcohol and stained with Heidenhaiids iron 
luematoxylin. It will be seen that the structure of the cells 
is essentially the same as in the osmic-Giemsa preparations. 
This organism presents the same difficulties in staining by 
iron-hmmatoxylin as 11. spirogyra (seep.434). The indivi¬ 
duals depicted are therefore selected specimens in which 
differentiation is particularly good. 

As in the case of B. spirogyra, there can be no possible 
doubt of the existence of the spiral filament which I regard 
as the nucleus. Giemsa preparations reveal it always with 
the greatest distinctness, and Ifeidenhain staining—when 
successful— does the same. Though mv interpretation may 
be wrong, the structures which I have described and figured 
exist be} r ond all shadow of doubt. 

I found a large number of organisms of the same type 
which are intermediate in size between the forms just described 
and the cocco-bacillar forms described on p. 422. In fact I 
found such a gradually graded series of forms that it is diffi¬ 
cult to me to avoid the conclusion that the smallest cocci and 
tlie largest bacilli are genetically connected. Direct proof of 
tliis most important point is wanting. Nevertheless, whether 
the different forms are different species or one and the same 
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does not in any way affect the fact that all the different forms 
exist. I' have represented some of the small bacillar forms in 
fig. 51 (PI. 17). They are so closely similar to the ordinary 
spirogyra forms, that it will be unnecessary to enter into 
a minute description of them. I would emphasise the fact, 
however, that many organisms exist which are intermediate 
in size and structure between these forms and the cocco- 
bacillar forms (tig. 50) on the one hand, and the long spiro¬ 
gyra forms (figs. 55-00) on the other. The importance of 
this fact will be discussed later (see p. 4 s 4, et seq.). 

Amongst the smaller bacilli inhabiting the large intestine of 
L. m u rail's is a form which—though not of the characteristic 
spirogyra type—may conveniently be described here. The 
organism (figs. 53, 54, 1 J 1. 17) is a short rod, about 3 /x in 
length. Each cell contains a nucleus in the form of a short, 
straight chromatin rod (fig. 53). This rod divides in the 
process of cell division (fig. 54), behaving like the spiral 
filament of ordinary spirogyra forms. This form is of 
interest because it is but a little removed from many of the 
cocco-bacillar forms. It may, indeed, be derived from a eoccus- 
form by simple elongation. It is—structurally—a drawn- 
out coccus such as those in fig. 45, the nucleus assuming a 
straight rod-like shape instead of the spiral or zig-zag of 
many cocco-bacilli (cf. fig. 50). Some similar organisms 
from another lizard are shown in fig. 100 (PI. IS). The 
drawings were made from a preparation fixed with sublimate 
alcohol and stained with lleideuham. Inside each cell a 
short, darkly stained rod can be seen. I interpret this as 
the nucleus, though it may possibly be a spore-rudiment. In 
the case of the previously described individuals (figs. 53 and 
54), however, such an explanation can hardly be advanced. 
For the deeply staining rods are present in forms which are 
undergoing division (fig. 54) and divide into two transversely 
during this process. 

Another form of Bacillus which I found is one of large 
size (up to 8 fi in length) which lias its nucleus constantly in 
the short, thick varicose condition which can sometimes be 
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seen in ordinary spirogyra forms (fig. 5G). Some of these 
organisms are shown in fig. 03, PI. 17. The nucleus is con¬ 
siderably shorter than the cell, and always has the thickened, 
knotted appearance shown in the figures; otherwise it 
resembles the nucleus of typical spirogyra forms. 

(3) Bacilli of the spirogyra type from Mabnia 
carinata.—In these lizards, captured in Colombo, I found 
a large number of spirogyra forms in addition to the cocci 
and flexilis forms already described. All the preparations 
which I made of the contents of the large intestine were 
fixed with osmic acid and stained with Giemsa’s or Leisli- 
niaiPs stain. The following descriptions are therefore based 
upon material so treated. 

The largest forms which I found (figs. 30—35, PI. 10) are of 
considerable size. They reach a length of lG/o They show 
the organisation characteristic of spirogyra type organisms 
with great distinctness. Forms with a nearly straight 
nuclear filament (fig. 35), forms with a simple spiral or 
zig-zag (fig. 34) and forms with a very much twisted filament 
(fig. 31) were found. In fact all the modifications which are 
seen in B. spirogyra itself were encountered. A modifica¬ 
tion which I have observed comparatively rarely in B, 
spirogyra was fairly common in this form. In this 
modification the nuclear filament appears to be split at 
certain points, thus giving rise to open loops in these places 
(cf. fig. 32). 

Division takes place as in B. spirogyra (fig. 33). It will 
be unnecessary therefore to describe it in detail. A number of 
short forms (fig. 30), which measured about 7 ft in length, 
were seen. They are apparently young forms resulting from 
the transverse divisions of the long individuals, but some of 
them may possibly be another species. 

This organism is—like B. spirogyra and the spirogyra 
forms from L ac e r t a—monosporic. 11 forms a single terminal 
spore in each cell (see fig. 39). Details of spore-formation 
were not observed, but it appeal’s to take place in a manner 
similar to that of B. spirogyra. 
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I found a few forms which appeared to belong to this 
organism, but which presented unusual features. I have 
figured two of these (figs. 37. 38, PI. 10). The organism repre¬ 
sented in fig. 37 lias finely granular, darkly coloured cytoplasm, 
•containing several large deeply stained chromatin masses. 
The organism shown in fig. 38 contains what appears to be a 
broken-up spiral filament together with some small chromatic 
granules. Whether these forms are normal stages in the life- 
cycle or degenerate forms, I am unable to decide. At first T 
took them for degeneration forms, but in view of the nuclear 
conditions which I have observed in B. saccobranchi (see 
p. 441), it seems possible that they represent normal events 
in the life-history. Their presence in my preparations seems 
worthy of record. 

Another form, which I believe to be certainly a degenerate 
form, is that shown in fig. 40. 1 have seen and described 

{Dobell, 1000, PL 13, fig. 10) similar degenerate forms in B. 
spi vogyra . 

Many small Bacteria from the large intestine of Mabnia 
carinata showed nuclei of the spirogyra type. Drawings 
of some of these organisms will be found on PI. 17. Fig. 69 
shows a long slender form— 11/t long, and less than 1 
broad. Through almost the entire length of the organism, a 
delicate chromatin filament —irregularly coiled and zig-zagged 
— can be seen to extend. In spite of its small size, the 
filament can be seen with the greatest clearness. Figs. 70, 
71 and 73 show similar, but smaller organisms. In each of 
these the characteristic nuclear filament is plainly visible. 
Figs. 72 and 74 are smaller forms (length of fig. 7'2 = 2/x) with 
relatively short, thick and straight nuclear filaments. The 
nucleus appears to be like that of the organism shown in fig. 
56, but on a very small scale. Fig. 75 shows a dividing form 
of the same kind of organism as fig. 72. With the exception 
of certain forms from the blood of Sac cobranch us (see 
p. 441), these are the smallest Bacilli in which I have 
succeeded in differentiating a nuclear filament with absolute 
precision. All the figures are faithful copies of the organisms 
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which were in my preparations. Their structure was as 
distinct as that of much larger forms. 

Two other organisms are shown in figs. 77 and 78. In the 
form shown in fig. 77, there is apparently a large unclear 
mass occupying most of the middle region of the cell. I 
found several organisms like this one. They were all equally 
distinct, and appeared normal. But it is possible they are 
really plasmolysed forms of one of the other varieties. I 
cannot be absolutely certain that they are not, as I have not 
sufficient material for comparison. Fig. 78 is drawn from an 
organism which has its nucleus in the form of a slightly bent 
rod. L found a fair number of individuals of this form. It 
appears to be a large form similar to the Facerta organisms 
shown in lig. 53. It is also somewhat similar to the forms 
shown in fig. 03. 

I believe that a number of very small Bacteria which occur 
in frogs, toads, and lizards have the same structure as these 
small Bacteria which 1 have just described. But I have, up 
to the present, been unable to convince myself that this is so. 
With very small Bacilli it is usually very difficult to be 
absolutely certain of the exact structure. Only in very 
favourable cases, when staining has been exactly right — as 
in these minute forms from Mabnia — can satisfactory results 
be attained. 

(4) Bacilli of the spirogyra type from Bufo 
m el an o s t i c t u s.— In the large intestine of this toad — taken 
near Colombo—1 found several Bacilli which showed the 
spirogyra type of mi cl ear structure. I have given figures 
of two different forms which I encountered (see PI. 17, figs. 
01 , 02 ). 

The larger forms (fig. 02) were usually of the shape of 
a bent rod. They attained a length of 10/i. In these 
organisms the nuclear filament was usually linear rather than 
twisted—like the straight form of filament in B. spirogyra. 
It may be described as a slender thread with here and there 
large knot-like swelliugs on it (fig. G2). I did not see any 
individuals with definite spiral or zig-zag filaments. 
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The smaller forms measured about 2/i-2'o fi in length. 
They were of short, oblong form (fig. Gl), and eacli contained 
a very distinct spiral or S-shaped unclear filament. I give 
pictures of three individuals of this form in fig. Gl, and will 
not describe them in greater detail. 


(c) Bacillus saccobranchi n. sp. and Associated 

F o r m s. 

I shall now describe a new Bacillus which shows a form 
of nuclear apparatus differing in many ways from typical 
flexilis or spirogyra organisms. As it is convenient to 
have a name for this organism, I propose to call it Bacillus 
saccobranchi. 

(1) B. saccobranchi n. sp. — I obtained this Bacillus 
in the following manner. Whilst I was working at the 
Colombo Museum, I examined the blood of a number of fish 
for trypanosomes. Among these I examined a number of 
individuals of Sac cob ranch us fossilis caught in the 
Colombo Lake. Some of them contained T. saccobranchi 
Cast, et Will, in their blood, but the majority showed no 
blood-parasites of any sort. 

Oue day two Saccobranchi were brought to me for 
examination. As I was unable at the moment to examine 
their blood microscopically, I placed them in water in a large 
earthenware chatty. On the following day, when I was 
about to make an examination of the blood of these two fish, 
I found that one of them had died during the night. As it 
appeared quite fresh, however, I decided to examine its 
blood for Protozoa. The fresh blood, taken from the heart, 
showed no Protozoa, but contained some very large and 
actively motile bacilli, together with a number of smaller 
Bacteria. 1 As the bacilli seemed to me particularly suitable 
for study — both on account of their size and the medium in 
1 I never found Bacteria in the blood of other fish which I killed and 
examined immediately after killing. It is possible that these Bacilli 
caused the death of this particular fish, though tlieie is no conclusive 
evidence that this is so. 
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which they were living — I made some moist films in the 
following way. The blood was spread in a thin film upon a 
slide and immediately — without drying — exposed to osmic 
vapour for about 30 seconds. The slide was then transferred 
immediately to absolute alcohol, where it was left to harden 
for 15 minutes. After this treatment the film was stained in 
the usual way in Giemsa's stain — finally being* allowed to 
dry. I made several preparations in this way, and also by 
the ordinary drying method with fixation in absolute alcohol. 
In the preparations fixed with osmic vapour, both the blood- 
corpuscles and Bacteria were beautifully preserved, and the 
description of the organisms which follows is taken from 
these preparations. 

The largest individuals of this form are of considerable size 
(figs. 4-0, PI. 10). They attain a length of as much as 10//, 
and a breadth of 2 //. The cytoplasm contains no inclusions 
and appears usually homogeneous, though occasionally it has 
a slightly alveolar structure. In all the Giemsa preparations 
the cytoplasm is coloured a bright blue (see figs. 1-20) — as I 
did not extract the colour with alcohol after staining. 

In all the organisms the chromatin is stained red — in sharp 
contrast with the cytoplasm (see figs. 1-20). It is distributed 
through the cell in various ways, which can be classified 
conveniently into three main types of structure, with inter¬ 
mediate conditions. 

The first type of nuclear structure is a typical spirogyra 
form (figs. 1, 2, 4, 12). The nucleus is in the form of a spiral 
or zig-zag filament, extending through the greater part of 
the length of the cell. As in B. spirogyra, the filament 
may be comparatively straight (fig. 1) or much contorted 
(fig*. 2). All intermediate conditions occur. During division 
the filament behaves in the same way as in B. spirogyra: 
that is to say, it divides transversely into two, a half of the 
original filament remaining in each daughter-cell (see fig. 2). 

The second type of nuclear structure is that shown in 
figs, o, 5-9. The organisms of this type show nuclei of very 
irregular form. They possess chromatin structures in the 
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form of short, irregular, broken, bent, bran died, and twisted 
filaments (cf. figs. 3, G, etc.). These filaments are sometimes 
connected with one another to form irregular networks (fig. 9). 
In addition to the filamentar chromatin bodies, granules and 
irregular masses of various shapes and sizes are frequently 
present (figs. 3, 5, etc.). This irregular form of nucleus 
appears to be derived from the spirogyra form through the 
breaking up and rearrangement of the elements composing 
the spiral filament. Figs. G and 8 show organisms which 
suggest this very clearly. Indeed, I have seen so many 
forms intermediate between these forms and the typical 
spirogyra forms that I have no doubt at all that they are 
different nuclear stages which succeed one another at different 
periods in the life-history. 

The third type of nuclear structure is the chromidial type, 
characteristic of the f'lexilis group of organisms (fig. 10). 
In the organisms of this type—which were present in com¬ 
paratively small numbers in my preparations—all the 
chromatin is in the form of minute, diffusely arranged 
granules (fig-. 10). It can generally be seen that the 
chromatin structures (filaments, networks, etc ) of the other 
forms are built up of aggregated granules of chromatin. 
The organisms with a chromidial type of nucleus appear to be 
derived from the forms with irregular nuclei by the breaking 
apart of these chromatin granules. In a form such as that 
shown in fig. 5, the irregular chromatin filaments and masses 
appear to be breaking up. Other organisms show later stages 
in this process—intermediate between figs. 5 and 10. I 
believe, therefore, that the chromidial type is derived from 
the irregular type through the dispersal of the chromatin 
granules. 

As a result of examining a considerable number of indi¬ 
viduals, therefore, I have come to the following conclusions : 
13. sac cob ran chi may possess a nucleus of the characteristic 
spirogyra type, or of the characteristic f'lexilis type. It 
shows in addition a large number of forms intermediate 
between these two types. The nucleus in the intermediate 
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forms may have the form of a broken filament, of an irregular 
arrangement of branched filaments or chromatin masses, or 
of an irregular network. So many different forms exist that 
it is difficult to classify them accurately. 

On account of the large number of intermediate forms, it 
seems to me certain that all these different organisms are not 
really different species. They grade into one another almost 
imperceptibly, so that I regard the interpretation of them as 
different species as excluded. Whether the spirogyra type 
gives rise to the irregular type, and this in turn to the 
flexilis type, or whether the process is in the reverse order, 
cannot, of course, be stated with absolute certainty from an 
examination of fixed and stained material alone. The former 
interpretation, however, appeal’s to me the more probable. 
It is really immaterial which of these interpretations is 
correct. The point of interest is that all these different 
nuclear modifications occur in the same organisms. I shall 
discuss the matter more fully later (see p. 471). 

This organism is, like typical spirogyra forms, moiio- 
sporic. The spore is formed towards — but not absolutely at 
—one end of the cell (see fig. 14). I have not found all the 
stages in spore-formation in my preparations, but such stages 
as 1 have seen are similar to those of 13. spirogyra. As in 
this form also, the spore-forming individuals are short — 
measuring on an average about 8 fi in length. A certain 
amount of chromatin, also, is left over in the formation of 
the spore (fig. 14). 

(2) Forms associated with 13. saccobranchi .— 4 have 
already noted above (p. 441) that I found a numbin’ of smaller 
Bacteria in my preparations of the blood of Saccob ran elms. 
These forms 1 will now describe. 

First of all, I should point out that although I found many 
very small individuals, which were easily distinguished from 
the large forms which I have called B. saccobranchi, yet 
many of the smaller forms were really but little smaller than 
this form. Indeed, I found so many organisms of all sizes 
intermediate between the largest 13. saccobranchi and the 
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most minute Bacilli, that I cannot avoid the impression that 
all these different forms are really connected with one another. 
This would be a point of great interest if it could be established, 
but unfortunately no definite conclusion can be reached by 
simply examining dead organisms. 1 

I found a number of individuals—of smaller size than the 
large bacilli—which showed a very distinct nucleus of the 
spirogyra type. Some of these are shown in figs. 11 and 
15. They measure about 0 jn in length, and are consider¬ 
ably narrower than the large organisms which I call B. 
sac cob ran chi. Each individual will be seen to contain 
a characteristic nuclear filament of the spirogyra type. 

Some smaller forms, with a similar structure, are shown in 
fig. 20. They measure about 3 jx in length, and are much 
narrower than the preceding forms : otherwise they are 
closely similar. Nuclear filaments of various forms are 
seen in each cell. 

Some still smaller organisms—2 jli and less in length—are 
depicted in fig. 19. In spite of their very minute size, 
they show a nuclear filament with great distinctness. They 
appear to possess a nucleus exactly like that of the spiro¬ 
gyra forms of B. saccobran chi (fig. 2, etc.), but on a very 
small scale. These are the smallest bacilli which I found in 
the blood of S accobra nclius. 

I would again emphasise the fact that the various indi¬ 
viduals depicted in figs. 2, 11, 20, and 19 are organisms 
selected on account of the difference in their sizes. Actually, 
a. number of intermediate-sized organisms of precisely similar 
form were seen. 

I have added some figures of other organisms which were 
of interest. The Bacillus shown in fig. 13 shows a nucleus 
of a form which I observed in a few individuals. It is in the 

1 If the organisms are all of one species, it follows that the name 
B. saccobrauchi should be given to all. As the matter is so doubtful, 
however, I have restricted this name to tbe large forms only, though I 
do not wish to imply thereby that the large forms are specifically 
distinct. 
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form of a short, irregular mass of chromatin, which appears 
sometimes to be really a spiral filament contracted upon itself. 
Fig. 17 shows a pair of Bacilli with rod-like nuclei. Fig. 18 
appears to be a similar kind of organism undergoing division. 
Fig. 16 is an individual which is like a B. saccobranch u s, 
with a nucleus of the irregular type, on a smaller scale. 
None of the smaller forms showed nuclei of a distinct 
cliromidial type. 


3. Spirillar Forms. 

I have endeavoured to elucidate the structure of a number 
of spirillar forms, but have succeeded in reaching definite 
results in only four different forms. Yet these four different 
forms have shown me three different types of nuclear apparatus, 
and these 1 shall now describe. 


(a) Spirilla with Nuclei of a Chromidial Type. 

In a previous paper (Dobell, 1908) I described briefly the 
structure and method of spore-formation which is found in 
the Spiri 11 um—which I named S . monospora—which 
occurs very commonly in the large intestine of frogs and 
toads. I described this organism as containing a number of 
scattered granules, stainable with chromatin stains. These 
grannies I regarded as constituting a nucleus of the same 
sort as that of B. flexilis and similar forms. They enter 
into the formation of the spore, forming a nucleus-like spore 
rudiment—as in B. flexilis, B. spirogyra, B. lunula, 
and many other Bacteria. 

1 have made many attempts to obtain a more detailed 
knowledge of S. monospora. My efforts, however, have 
been unavailing. The facts—as far ns they go—which 1 
have already recorded are the only ones which I have so far 
been able to discover. I therefore abandoned this form and 
looked for other and more favourable objects for investiga¬ 
tion. 
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One of the first organisms to which 1 then turned my 
attention was the large Spirillum which inhabits the hind 
gut of tlie common cockroach, Stylopyga orientalis. I 
hoped-—from the large size of this organism, and from the 
descriptions which have been given of it by others 1 —that I 
should find some new and illuminating structures in this 
Spirillum. But my hopes have not been altogether 
fulfilled. 

The only structures which I have been able to make out in 
this form with absolute precision are essentially the same as 
in the form from frogs and toads. The Spirillum of the 
cockroach possesses an exceedingly thick cell wall, which has 
a strong affinity^ for many stains, and which renders it very 
difficult to study cytologically. I have obtained the most 
satisfactory results with wet films fixed in sublimate-alcohol 
and stained with iron-htematoxyliu. But differentiation of 
the contents of the cell is very difficult to obtain, and succeeds 
only occasionally. It has usually been my experience that 

1 According to Guilliermond (1907) and others, an organism contain¬ 
ing a typical nucleus lias been described by Knnstler and Gineste 
(‘C. R. Assoc. Anatomistes.’ 1904), under the name Spirillum peri- 
planet icnm, from the intestine of Periplaneta orientalis. 
Unfortunately I have not been able to see this paper. In two sub¬ 
sequent notes, however (Knnstler and Gineste, 1900, 19o6a) these 
authors describe and figure this organism, but do not mention or depict 
a nucleus, and give the host as P. americana. In the first note 
(1906) a reticular structure of the cytoplasm is figured and described. 
In the second note (1906a) “ spherular elements'’ are described in the 
cytoplasm, and the average dimensions are given as S /x x 3 /x. It is 
possible that this is the same organism which I call the ‘’large Spiril¬ 
lum from St. orientalis,” but 1 cannot be certain from the in¬ 
complete notes of Knnstler and Gineste which are at my disposal. 
Fantham (‘Quart. Journ. Micros. Sci..' 1905 s ) casually describes “spiril¬ 
lar forms occurring in the hind gut of the cockroach.” He observed 
“ a diffuse nucleus . . . consisting of a number of chromatin 

masses seen to be connected by a lightly staining spiral in successfully 
stained specimens. At other times the achromatic thread was not 
evident.” Diagrammatic figures are given. They are not like anything 
I have seen in Spirilla from S. orientalis. I do not attach any 
importance to these fragmentary observations. 
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when tlie colour has been sufficiently extracted from the cell 
wall to enable one to see the internal structures, then the 
cell contents have also been so much decolorised as to be 
almost invisible. Now and then, however, clear pictures of 
the protoplasmic structures can be obtained. 

In well-stained individuals I have invariably found the 
same structure present. There is no vesicular nucleus visible 
and no nuclear filament. The only structures which can be 
seen are shown in fig’s. 110—112 (PI. IS). The cytoplasm is 
alveolar, the alveoli sometimes extending across the whole 
width of the cell, sometimes being of smaller size. At various 
points in the walls of the alveoli lie deeply staining granules. 
They are usually few in number, very irregularly arranged, 
but generally in close proximity to the cell wall. Occasionally 
two or more granules appear at first sight to be connected 
with one another by fine intervening filaments; but it seems 
to me that in all cases these filaments are really nothing more 
than the alveolar walls. I have never found any structure at 
all comparable with the nuclear filament of B. spirogyra 
and similar forms. 

My interpretation of the appearances observed in the large 
Spirillum of the cockroach is therefore this: The structure 
is essentially the same as that of B. flexilis and allied 
organisms. The cytoplasm is alveolar and the nucleus is in 
the form of chromidia—consisting of a few small, scattered 
granules of chromatin lying in the walls of the alveoli. 
Neither vesicular nucleus nor nuclear filament exists in the 
forms which I have examined. The structure is therefore 
closely similar to that of S. monospora. 


(b) Spirilla with Nuclei of Fi la men tar Form. 

There is a large Spirillum 1 which lives in the gut of 
Lace rta in nralis. I have found it much easier to study 
than the large forms from the frog and the cockroach, and 

1 These are the organisms to which I referred in a previous paper 
(Dobell, 1909. p. 58.°,)/ 
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have found that it possesses a different kind of organisation. 
It is—like the other forms—difficult to stain satisfactorily, 
but I have obtained some beautiful results with iron-hmma- 
toxylin. Mv figures (figs. 90-108, PL 18) are all drawn from 
wet film preparations, fixed with sublimate alcohol and stained 
with Heidenhain’s irou-hmmatoxylin. My best preparations 
are from the contents of the large intestine of lizards which 
I obtained from a dealer in Munich; but similar—I believe 
the same—Spirilla also occur in Naples lizards, and have 
furnished me with additional material. 

The structure of these Spirilla is shown in figs. 90-108. 
Long individuals attain a length of as much as 13 /* (fig. 102) 
and more, whilst the shortest individuals measure about 4 // 
(figs. 103-105). All forms display a structure which is 
essentially the same, and which differs markedly from that 
of other forms which 1 have investigated. 

In fixed and stained organisms 1 the cytoplasm has, as a 
rule, a very distinct alveolar structure (of. figs. 90, 100, 
102, etc.). The alveoli may extend right across the cell, 
being arranged as a single row of large chambers (fig. 90), 
or they may be of variable smaller sizes (e. g. fig. 107). The 
only other structure which is normally present in well-stained 
individuals is a darkly staining filament, like that of P>. 
spirogyra, which I interpret in this case also as the 
nucleus (see figs. 90-108). Both the form and position of this 
filament may vary. It is frecpiently in the form of a short 
and nearly straight rod (figs. 90, 104, etc.), occupying a 
central (figs. 104, 107) or terminal (fig. 96) position, or any 
intermediate site in the cell. It may be in the form of a more 
or less twisted and varicose spiral or zig-zag (figs. 101, 102, 
etc.), sometimes showing knob-like thickenings at the ends 
(figs. 100, 105), and sometimes running almost from one 
extremity of the cell to the other (figs. 100, 101, etc.). Inspec- 

1 As in the case of other Spirilla I have been unable to reach 
any definite conclusions regarding structure from a study of the 
living organisms. The living organisms, however, have been studied 
in all cases. 
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tion of the figures on PI. 18 will give a better idea of the 
various modifications which occur in this filament than pages 
of description. 

The filament is a morphological element present in each 
cell. It is a body which is independent of the walls of the 
cytoplasmic alveoli : that is to say, it is not merely an acci¬ 
dental appearance due to portions of the alveolar walls taking 
up the stain more strongly than others. It can be seen in 
many cases that the filament crosses the alveoli, and is a quite 
independent structure (cf. figs. 90, 102, etc.). I believe there 
can be no doubt whatsoever that it is a structure of precisely 
the same sort as occurs in 13. spirogyra and so many other 
similar organisms. 

Additional evidence in support of this view is derived from 
a study of the behaviour of this filament during cell division. 
Just as in the Bacilli of the spirogyra type, division of 
the filament precedes division of the cell as a whole (see fig. 
108). After the filament has divided into two approximately 
equal parts, the cell divides across the middle (figs. 97, 98). 
it will be noted that during division the filament must lie in 
a central position in the cell, and that immediately after 
division it must occupy a more terminal position in the 
daughter-cells. This no doubt to a large extent explains the 
variable position of the filament, in different cells, alluded to 
above. On purely morphological grounds, therefore, it seems 
to me justifiable to regard the filament in these Spirilla as 
a nucleus of the same sort as occurs in Bacilli of the 
spirogyra type. I shall discuss these filaments and their 
interpretation later (see p. 4GG) : for the present I wish 
simply to establish the fact that a filament of this sort is 
present in these Spirilla and in many Bacilli. 

Occasionally darkly staining granules are present in the 
cytoplasm of the Spirilla from the lizard. They are few in 
number, and not a constant morphological feature of the 
cell (cf. figs. 101, 102). 1 regard them as probably composed 
of reserve material of some sort. As a rule these organisms 
are free from granular inclusions. 
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(c) Spirilla with Spherical Nuclei. 

The fourth and last spirillar form concerning* whose 
structure I have reached definite conclusions is exceedingly 
minute. It is an organism which occurs commonly in the 
hind gilt of the common cockroach (S. oriental is) in com¬ 
pany with the larger form already described. 

The organism in question has the characteristic form of a 
small Spirillum or Vibrio (figs. 121—132, PI. 18). The 
smallest Vibrio forms have a length of rather less than 2/.t 
(fig. 182) and upwards. In the largest Spirillum forms 
the length rarely exceeds 4*5 /t (fig. 130). In all cases the 
organisms are very narrow—the largest having a breadth of 
approximately 0*5 /.*, the smallest, considerably less. 5 et, in 
spite of their very small size, these organisms possess an 
internal structure which may be demonstrated with the 
greatest clearness. 

I have obtained very good results with wet films, fixed 
with sublimate-alcohol and stained with Heidenhain. All 
the figures (figs. 121-132) on PI. 18 are from individuals 
treated in this manner. Differentiation may be obtained 
with comparative ease. 

Every individual—when properly stained—shows a single, 
darkly staining*, spherical body situated somewhere within it 
(cf. figs. 121-124, 180-132). 1 regard this body as a nucleus. 

This body—or, as I shall call it, this nucleus, may lie in the 
centre of the cell (fig. 123, etc.) or at one extremity (fig. 121), 
or in an intermediate position. It always has the form of a 
minute round or oval granule, which appears—under the 
highest magnification which lias been available—quite homo¬ 
geneous. It is a constant morphological feature of every cell. 
Xo cytoplasmic structure can be made out with absolute 
certainty, on account of the very small size of most of the 
organisms. Faint indications of an alveolar structure seem 
to me, however, to be sometimes present. In addition, it 
may be noted that the ends of the cells frequently stain 
deeply, so that in optical section an individual often appears 
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to have its ends covered with little dark caps—an appearance 
seen in many stained Bacteria. 

During the division of an organism into two, the nucleus 
behaves in a characteristic manner. It lies, before division, 
towards the centre of the cell (fig. 130). Whilst in this 
position, it divides into two daughter-nuclei, with the forma¬ 
tion of a minute dumb-bell figure (figs. 125, 12G). These 
daughter-nuclei then separate to a variable distance from one 
another (fig. 127) and endoplasmic fission follows (figs. 128, 
129). According to the degree of separation which has 
occurred between the daughter-nuclei, the nuclei of the 
daughter-cells may lie in a terminal (fig. 129) or central 
(fig. 128) position. 

The general appearance of the nucleus in this Spirillum 
—both during rest, and during division—is therefore closely 
similar to that of the nucleus which 1 have already described 
in Micrococci and S ar c i n a. 

4. c< Fusiform Bacteria.” 

At various times, I have encountered a number of organisms 
belonging to the group of so-called u fusiform Bacteria.” 
These organisms are very commonly found in the intestines 
of animals. I have studied their structure in quite a number 
of forms, and all appear to be organised in essentially the 
same manner. 

My own impression—after observing many different organ¬ 
isms of this class—is that they are really not Bacteria at all, 
but more probably belong to the Fungi. Perhaps they are 
related to the yeasts. But as I have no conclusive evidence 
-—from their life-histories—of their real affinities, and as they 
are usually regarded as Bacteria, I will describe here the 
forms which I have investigated. 

(a) “ Fusiform Bacteria” from Lacerta mural is. 

I found fusiform organisms fairly common in the large intes¬ 
tines of the lizard which 1 captured near Naples. They were 
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generally to be found iu my preparations, but usually in small 
numbers. 

Good preparations can be obtained by the osmic acid or 
formalin method with Giemsa staining* (see p. 415), and Heid- 
enhaiiPs iron-lnematoxylin—when sharp differentiation has 
been achieved—gives very good pictures of the structure of 
these organisms. 

In PI. 18, figs. 113 and 114, will be seen some fusiform 
organisms from a moist film preparation of the contents of 
the large intestine of L. mural is, fixed with sublimate- 
alcohol and stained with Heidenhain. It will be seen that 
each cell contains a single, darkly staining*, centrally situated, 
spherical mass, which I believe to be the nucleus. I have 
not obtained any satisfactory preparations which show a divi¬ 
sion of this body in this particular form, but from analogy 
with similar organisms, I have little doubt that it divides in 
the course of cell division. 

Small single individuals (fig. 114) have the characteristic 
spindle shape, and measure 4/a—4*5/t in length. The ends 
are sharply pointed. No other structures besides the nucleus 
were visible in the cells. 

In this form—as in all the other fusiform organisms which 
I have investigated—double individuals are very common 
(fig. 113). They arise from dividing single individuals through 
an incomplete separation of the daughter-cells—in the same 
way that Diplococcns forms are produced by Micrococci. 

Smaller forms than those just described also occur in the 
lizard. They all show a similar structure. Fig. 08, PI. 17 
is of a small double form, stained with Giemsa’s stain. Each 
individual shows a distinct nucleus, as in the Heidenhain- 
stained individuals. The length of this double organism was 
approximately 5/<. 

(b) “Fusiform Bacteria” from Frogs and Toads. 

The common English frog and toad (R. temporaria and 
B. vulgaris) occasionally contain fusiform organisms in 
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their large intestines. They appear to be the same in both 
hosts, but I have found them more often in the toad than in 
the frog. Many of them, however, are of very small size, so 
that they are easily overlooked unless one is specially on the 
look-out for them. 

As a rule these orgauisms occur in the double form (fig. 
115)—single spindles being comparatively rare in any prepara¬ 
tions. The ends of the double spindles are more rounded 
than in the forms from the lizard. The nuclei are of the 
same type. Fig. 115 is an individual (double) from the large 
intestine of Bufo vulgaris (moist film, sublimate-alcohol 
and lleideuliain). Heidenhain and Giemsa reveal the same 
structure. The length of the double individual depicted in 
this figure was ca. 10 fx. 


(o) “ Fusiform Bacteria 5 ' from Triton vulgaris. 

The common newt contains several different forms of fusi¬ 
form organism. 'They are similar to those of the frog and lizard, 
and usually occur in the double form. 1 have not made a 
very careful study of these organisms, but they show certain 
features of interest. 

Bach individual (figs. 66 , 67, FI. 17), contains a single 
nucleus. This may take the form of a simple, apparently 
solid grannie of chromatin (cf. fig. 67, upper nucleus), or 
occasionally it appears to be a vesicular structure with one 
large karyosome (cf. fig. 67, lower nucleus). From the 
small size of these nuclei it is often very difficult to be 
quite certain of their exact structure. Another type of 
nucleus, which I observed in some of the larger forms from 
the newt, is that shown in fig. 66. This figure shows an 
ordinary double form in which the upper individual is 
dividing into two. it will be seen that all three nuclei which 
are present are in the form of double granules, arranged 
transversely across the cells. All these forms were seen in 
Giemsa preparations, which were fixed with formalin, and 
dried before mounting. It is therefore not impossible that 
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these double nuclei are artifacts produced by the breaking iuto 
two of a single grannie through drying. This seems to me 
improbable, however. 

(d) “Fusiform Bacteria” from Stylopygaorientalis. 

The common cockroach harbours a fusiform organism 
very like those which I have already described. The forms 
which 1 have encountered are usually of small size, and are 
generally of the double spindle form. 

Every cell contains a nucleus (see fig. 116). It is frequently 
of a rather square shape, and sometimes I have found nuclei 
which appear to be dividing (cf. lower nucleus in fig. 110). 
All the dividing nuclei which I have seen are of this rather 
curious form—that of two chromatin masses separated by a 
variable distance. I have not been able to make out any 
other details of the process of nuclear division, but I have not 
made a very careful study of these organisms. ]\ly only 
knowledge of them is derived from occasional individuals 
which 1 have found in preparations made for other organisms. 

5. On some Nucleated Bacterium-like Organisms. 

In this section I shall describe some curious organisms 
which present—at certain stages in their lives—a strong 
resemblance to Bacteria, but which are really to be placed 
among the Fungi. For a considerable time I believed these 
organisms to be Bacteria which possessed a typical vesicular 
nucleus—like that of Bacterium gam man—and I believe 
that other observers may have fallen into a similar error. I 
think, therefore, that no excuse is needed for publishing my 
results in some detail in the present paper. 

The organisms under consideration have all been found in 
the large intestines of animals. I have found them in several 
insects, snakes, lizards, and Amphibia, and I have also en¬ 
countered forms which I believe to be of a similar nature in the 
rectal contents of mammals. However, I have made no careful 
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investigation of these. The forms which 1 have studied most 
carefully are those occurring in frogs and toads (Rana 
temporaria and Bufo vulgaris), in the common cockroach 
( Stylopyga orien talis), and in Boa constrictor. It is 
upon the organisms from the large intestine of this snake 
that I have made the most complete series of observations, 
and I will therefore record them in some detail at this point. 

The living organisms, when removed from the host, and ex¬ 
amined under an immersion, appear as large, bacterium-like, 
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non-motile rods (see Text-fig.). They may occur singly, in 
pairs, or in chains. The average length of the largest in¬ 
dividuals is about 14 p. Smaller individuals are very common, 
and many do not exceed 4 /<. All intermediate sizes are to bo 
found. 

The rods all have rounded ends, and many of the longer in¬ 
dividuals show a slight curvature (cf. Text-fig. b). The 
internal structure in the living cells is very easily seen, though 
the nucleus can be satisfactorily demonstrated iu stained pre¬ 
parations only. The cytoplasm is finely granular, and contains 
as a rule a number of refractive bodies—probably reserve 
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material. In addition to these, pale vacuoles are usually to 
be seen. They may be irregularly scattered through the cyto¬ 
plasm (b, c) or arranged in a single line down the middle of 
the organism (a). In the latter case the refractive bodies 
frequently occur in pairs between the vacuoles—as shown in 
fig. a. lntra-vitam staining 1 brings out the refractive 
bodies very sharply, but does not reveal the nucleus. 

Multiplication can be easily observed under the microscope. 
It is accomplished by the rods undergoing a transverse fission 
in a manner which closely resembles that of many Bacteria. 
If long cells be carefully scrutinised, some of them can be 
found which show faint indications of a septum towards the 
middle of the organism. The septum makes its first appear¬ 
ance as two faint transverse lines, extending towards one 
another from opposite sides, in the centre of the cell. A little 
later the lines appear to meet, so that a delicate septum 
extends right across the middle of the cell (see Text-fig*, c 
— middle individual). The septum becomes thicker, and cuts 
the parent cell into two equal daughter-cells. After separa¬ 
tion—which now takes place — the contiguous ends of the 
daughter-cells are square, but they rapidly assume a rounded 
appearance (cf. text-fig. d). The whole process of division 
—as seen under the microscope — takes several hours, pro¬ 
ceeding very slowly. 1 have not been able to follow the 
division of the nucleus satisfactorily in the living organisms. 

All the material upon which these observations are based 
came from the large intestine of a single B. constrictor 
which had been in captivity for some time. I have, therefore, 
no data to indicate the frequency with which the parasite 
occurs in this snake. 

On examining the contents of the large intestine of the 
snake, soon after death, I found a large number of organisms 
present in the stages which I have just described. My first 
conclusion—not unnaturally—was that I was dealing with a 
large species of Bacterium. Had I not made further 
observations upon the subsequent development of the organ- 
1 With neutral red. methylene blue or Brillantcresylblau. 
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isms, this conclusion might have appeared to some extent 
justified. After fixing and staining some of the cells, a large 
nucleus was seen to be present. It therefore appeared to me 
at the time that I had discovered a new Bacterium which 
possessed a well-marked nucleus, and hence belonged to the 
group of organisms of which B. gamraari is the type. 

Stained examples of this organism from the boa are shown 
in figs. 137, 138, 140, 141 and 144 (PI. 19) and in fig. 135 
(PI. 18). Owing to the watery nature of the rectal contents, 
and to the large amount of grit present, it was found very 
difficult to obtain good wet-film preparations. Most of my 
stained preparations were therefore made by allowing some 
of the fluid containing the organisms to dry upon a slide; 1 
then fixing the dried film in absolute alcohol; and finally 
staining with Giemsa’s stain. Asa c} T tological method this 
is of course unsatisfactory; but the results obtained were, in 
the main, good enough for arriving at conclusions regarding 
the general structure of the cells. In most cases the nucleus 
had undergone a certain amount of fragmentation—owing to 
drying*—but it frequently showed its vesicular structure quite 
clearly. 

In fi g. 137 a number of small individuals are depicted— 
each showing a distinct nucleus. Fig. 138 shows two larger 
individuals, of the characteristic Bacterium form, with 
rounded ends. Fig. Ill shows a similar organism, but with 
ends of a squarer form. The nucleus is in all cases unmistak¬ 
able. In fig. 110 a chain consisting of four organisms of a 
more or less bent form is seen. The nuclei are all somewhat 
broken up through drying. Fig. 144 shows another chain 
of four individuals, of smaller size, and each containing a vesi¬ 
cular nucleus. Forms intermediate in size between these 
small forms and the larger forms occur, so that there is no 
reason for regarding them as different species. 1 propose to 
call all the individuals which have the rod-form characteristic 

1 At the time when these observations were made (lbOC>) 1 had not 
discovered the osmie acid drop method of fixation which has since 
proved so useful. 
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of Bacteria, the bacterioid forms — to distinguish them 
from other forms. 

The other forms which this organism is able to assume 
appeared in the course of a few days in the contents of the 
snake’s large intestine, which had been kept as a culture in 
a glass vessel. They were not found inhabiting the snake. 
Multiplication of the bacterioid forms continued for several 
days, after which the other forms made their appearance. 
The ordinary bacterioid individuals (such as fig. 138, etc.) 
were seen to become more rounded (fig. 142), finally assuming 
the oval form characteristic of a yeast. In this yeast-like 
condition the organisms continued to multiply —but by 
budding, and not by transverse fission (see fig. 145). 1 

propose to call these yeast-like forms the zymoid forms — 
to distinguish them from the rod-like bacterioid forms. 

The zymoid forms are exactly like any other ordinary yeast. 
They possess an oval form, a vesicular nucleus, and repro¬ 
duce by budding (cf. figs, lob 19. 18] and 145 [PI. 19]). 
They are, indeed, exactly like other yeasts with which 1 am 
familiar in the rectal contents of frogs, toads, lizards and 
many other animals. 

That the zymoid forms are directly derived from tlie bac¬ 
terioid forms— and are not really independent organisms— 1 
can assert with absolute certainty. 1 have observed the 
transformation in living organisms kept under observation for 
several days. All intermediate forms, moreover, were found 
in my fixed and stained preparations, and it was no un¬ 
common thing to observe bacterioid and zymoid individuals 
composing one and the same chain (fig. 151). Both bac¬ 
terioid and zymoid forms existed side by side in my cultures 
for many days, but finally the bacterioid forms were almost 
completely supplanted by the zymoid forms. 

Curious further changes were also observed. 51 any of the 
bacterioid forms developed outgrowths, which sometimes 
grew to a considerable length (see fig. 148). Many of the 
zymoid forms also gave rise to outgrowths — in some cases of 
very large size. These outgrowths began as short finger-like 
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processes (fig. 146), into which the nucleus sometimes 
entered (fig. 149). in some cases, division of both nucleus 
and cytoplasm occurred—the finger-like outgrowth being- 
separated off as a more or less baeterioid cell (fig. 150). At 
other times, the outgrowths continued to grow in length 
without cell division taking place. They often attained a 
considerable length, and underwent branching (fig. 147) — 
looking like the beginnings of a mycelium. Although 1 kept 
the organisms under observation for many weeks, I never 
found any other stages in development. Apparently, the 
conditions under which the organisms were kept were such 
as to inhibit further growth. 

Inow after observing the changes which in}' original 
Bacterium-like organisms underwent, I came to the con¬ 
clusion that I was really dealing with a fungus closely allied 
to the yeasts. It seems to me more than probable that the 
organisms are really fungi, a part only of whose life-cycle has 
come under my notice. I believe the resemblance of the 
original baeterioid forms to Bacteria is purely accidental, and 
the organisms have nothing whatever to do with this group. 

As I have already noted, forms similar to these from Boa 
constrictor occur in the intestines of a variety of animals. 
It is therefore necessary to be on one’s guard when investiga¬ 
ting Bacteria derived from such sources. Unless observations 
be made upon the development of the living organisms, one 
may easily be led into error. 

I must point out that the finer details of nuclear division 
—of both baeterioid and zymoid forms—have not been 
thoroughly investigated. This is due to the fact that perfect 
fixation was usually impossible. Division is, I believe, 
amitotic: and this is certainly true of the form which occurs 
in the frog—a form upon which I have made a number of 
careful observations. As these, however, are still incomplete, 
and indicate that this form is very closely similar to that 
from the boa, I do not wish to enter into a fuller description 
at present. 

In conclusion, I would emphasise the fact that the foregoing 
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observations in no way invalidate the contentions of Vejdovsky 
and Mend regarding Bac te r i u in gammari. I see no reason 
at present for doubting that this organism belongs to the 
Bacteria. My own investigations have shown merely that 
certain organisms, which appear to resemble B. gammari 
at one stage in their lives, are really not Bacteria at all, but 
beloug to the Fungi. 

Summary of Results. 

I will now summarise the results which I have recorded in 
some detail in the foregoing pages. In this section I shall 
consider my own work only, without reference to the work of 
others. A full discussion will be found in the next section of 
the paper (p. 462 et seep). 

(1) All the Bacteria which I have been able to investigate 
with precision contain a structure (or structures) which I 
believe to be a nucleus. The reason for regarding these 
structures as nuclei is two-fold—first, from purely morpho¬ 
logical considerations; secondly, from their staining reactions 
(see discussion, p. 462). 

(2) The Bacteria studied belong to four different groups— 
namely, Cocci, Bacilli, Spirilla, and so-called “fusiform 
Bacteria/ 5 

(3) The Coccus forms studied possess a single, centrally 
placed, spherical nucleus in each cell. It divides by a 
simple amitosis. This type of nuclear organisation has been 
found in forms belonging to the genera M i c roco ecus and 

o o o 

Sa rein a. 

(4) Coeco-baciliar forms which have been investigated 
show a nucleus in the form of a straight or bent rodlet, or of 
a more or less spiral or zig-zag filament. 

(b) Bacillar forms show several different types of nuclear 
differentiation. The nucleus maybe in the form of chromidia 
scattered through the cell (flexilis type, etc.) ; in the form 
of a more or less straight, spiral or zig-zag filament 
(spirogvra type, etc.); or in the form of irregular strands 
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and networks (B. saccobr an chi). There is evidence to 
show that a lindens in all these three forms may occur at 
different times in the same organism (B. saccobran c h i). 
There is also evidence that spherical nuclei; filamentar nuclei, 
and chromidial nuclei may occur in the same organism at 
different stages in its life-history (Bacilli of modified 
flexilisform from Triton and La cert a). 

(6) Spirillar forms which I have studied show three 
different types of nucleus : the chromidial (Sp. monosponi, 
etc.); the filamentar (Spi ri 11 u m from Lacerta); and the 
spherical type (small Spirillum from Sty lopyga), which 
divides by amitosis, and resembles the nucleus of Coccus 
forms. 

(7) “ Fusiform Bacteria” possess a single, usually 
spherical, nucleus in each cell. 

(8) A number of large, parasitic, lion-motile, rod-like 
organisms, possessing a vesicular nucleus, which appear at 
first sight to be Bacteria, are really Fungi allied to the yeasts. 


General Discussion. 

Now that 1 have briefly reviewed the more important 
literature bearing upon the cytology of the Bacteria, and 
have given my own observations in some detail, 1 am in a 
position to discuss my results. My main object, as I have 
already pointed out, has been to decide the question, whether 
or not the Bacteria are nucleate cells. The chief part of this 
discussion will therefore be directed towards answering this 
question. 

As I have already indicated, many of the observations 
which have been made by others npou the cytology of the 
Bacteria, are based upon material which lias been so imper¬ 
fectly fixed aud stained that it is useless to consider them. 
Of the researches reviewed in the a Historic ” section (p. dUO), 
therefore, only a part can be profitably considered here. 
Furthermore, it is impossible to enter into a minute discus¬ 
sion of many excellent contributions to the subject—extending, 
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as they do in the aggregate, over many hundreds of pages. 
Consequently, I crave forgiveness for the many sins of 
omission which must be apparent to anyone who reads tlie 
ensuing remarks. 

M e tacli ro m at i e G ran u 1 es.—Considerable confusion 
exists in bacteriological literature regarding a number of 
granular cell-inclusions which I shall call metachromatic 
granules, liecent work has, however, done much to clear 
up this confusion, and I believe that the interpretation of 
these granules is now perfectly plain, and there is no cause 
for any further misunderstanding regarding their nature and 
significance. For an excellent summary of our present know¬ 
ledge of these bodies, I would refer the reader to a recent 
paper by Guilliermond (1010). 

The first to observe these grannies in Bacteria appears to 
have been Babes. It was he, also, who subsequently named 
them “ metachroinatische Kbrperclien.” There seems to be 
little doubt that the majority of colourable granules which 
have been described in bacterial cells really belong to this 
class of bodies. Different observers have given different 
names to the granules, and this has been largely the cause of 
the confusion which at present exists regarding them. It 
appears to me certain that the “ met achromatic bodies ” of 
Babes, the “sporogenic granules” of Ernst, the “red 
grannies” (in part only) of Biitschli, the “chromatin 
granules” (in part) of AVahrlich and many others and of 
Meyer's earlier papers, the “granules” of Fischer, the 
“ Volutanskugeln ” of Grimme, the “volutine” granules of 
Meyer, the “ toxigen granules ” of von Behring, the 
“ Babes-Ernst bodies ” of many bacteriologists, and many 
other kinds of grannie described by many other worker*—all 
these are in reality the same, namely the bodies which i 
shall call metachromatic granules. This name aptly 
designates these bodies, aud has been used throughout by 
Guilliermond 1 in his important researches into their nature; 
and I hope—with him—that it will fiud universal acceptance 
1 Guilliermond's actual liame is ” eorpuscules mctacliromatiques.*' 
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and so help to clear away the confusion which now surrounds 
these bodies. 

Metachromatic grannies are found not only in many 
Bacteria, but also in Fungi, Alga?, Cyanophycem, Protozoa, 
and probably in many of the “ higher” groups of animals and 
plants. Their presence in Bacteria can therefore not be used 
as evidence of the affinities of this group. 

Regarding the chemical and staining properties of iliese 
granules, we now have a considerable mass of information— 
chiefly from the work of Guilliermond, Grimme and A. Meyer. 1 
Their most characteristic property is that they stain red with 
many blue or violet stains (e. g. methylene blue, haunatoxyliu, 
etc.). After fixation they have a strong affinity for so-called 
“nuclear” stains — which has given rise to their confusion 
with chromatin. 

Chemically considered, the metachromatic granules are 
probably to be regarded as composed of nucleic acid combined 
with an organic base (cf. Meyer, Guilliermond). 

The biological significance of the metachromatic granules 
appears to be definitely decided. They are non-living 
(metaplasmic) reserve material. They are not living 
morphological derivatives of either nucleus or cytoplasm, but 
merely stored up food substance. The evidence for this 
appears to me overwhelming. The most important fact has 
been established, 1 believe, that they are not a constituent of 
the living protoplasm: they are transient, non-living 
elements of the cell. That they are in any way an index of 
the virulence of the organisms containing them, as maintained 
by Marx and Woitlie (1900), is negatived by the work of 
Ascoli (1901), Krompeeher (1901), Gauss (1902), Schumburg 
(1902), Ficker (1903), Guilliermond (1906) and others. The 
biological distribution of the granules throughout other 
organisms also speaks strougly against such a view. 

It might be urged, with some justification, that the 
“ chromidial nucleus” described in Bacteria by Schaudinn, 
Guilliermond and myself is really nothing more than a diffuse 
1 See also Eisenberg (1910). 
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system of metachromatic granules. Such a supposition lias 
already been considered and rejected by both Schaudinn and 
Gnillierinond. I have also had occasion already to speak 
against this view, and I shall now enter into it more fully. 

The .Bacilli of the spirogyra type which I have described, 
also the Micrococci, and Spirilla with a filamentar or 
spherical nucleus, are in the majority of cases entirely free 
from granular inclusions in the cytoplasm. The nuclear struc¬ 
tures which 1 have described are the only constant internal 
structures present. It is therefore useless to argue about nieta- 
chroinatic granules in these forms, unless it be assumed that 
the nuclear filaments, etc., are metachromatic bodies—an 
assumption for which there is not a shred of evidence, and 
which is entirely opposed to the facts. It remains therefore to 
consider the Bacilli and Spirilla (chiefly the organisms 
of the flexilis type, and the Spirilla from the frog and 
cockroach) in which I have described a chromidial nucleus. 

In the first place, I must point out that the two methods of 
staining—namely the Heidenhain and Romanowski methods 
■—which I have chiefly used are not sufficient to distinguish 
between chromatic and metachromatic substances by means 
of differential staining. Both chromatic and metachromatic 
grannies are stained black with Heidenhain and red with 
Romanowski. Neither method, therefore, can be used as an 
index of the chemical nature of the granules. In the second 
place, 1 think it highly probable that metachromatic granules 
do exist, side by side with the nuclear granules, in many 
Bacteria with chromidial nuclei (cf. also Schaudinn [1903], 
and Gnillierinond [1908]). Bacillus flexilis itself, and 
also other Bacilli of the same type, contain granular in¬ 
clusions which may easily be stained intra-vitam with 
neutral red, methylene blue and Brillantcresylblau, All 
these granules have a faintly reddish tinge when so treated. 
The same is true of Spirillum monospora. These 
colourable granules are few in number, however, as compared 
with the number visible after Heidenhain or Romanowski 
staining. I believe therefore that they are metachromatic 
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granules (reserve material) which are present in addition to 
the granules constituting the nuclear apparatus. 

That some of the “ red granules ” described by Biitschli, 
and the “chromatin grannies” of Wahrlich, A. Meyer and 
others are also really metachromatic granules, I think ex¬ 
tremely probable. Yet I believe that many of these granules 
seen by these observers are of a nuclear nature—as in the 
case of my own Bacteria. Guilliermond (1908), moreover, 
found granules of both chromatic and metachromatic material 
in a number of forms which he investigated. 

Now the evidence for regarding the greater part of the 
grannies in my Bacteria as of a nuclear nature is not derived 
chiefly from their staining reactions—which I regard as of 
secondary importance—but is morphological. I shall 
consider this in detail in the ensuing section. 

Morphological Evidence that Bacteria are Nucleate 
Cells.—Before proceeding any further, it is necessary to 
consider for a moment what is meant by the term nucleus. 
\ arious more or less unsatisfactory definitions have been 
given, and I do not propose to add to their number. To 
define any well-known thing—such as a nucleus—is merely 
to confine one’s idea of the thing to certain arbitrarily chosen 
properties which it possesses, and to lay oneself open to the 
attacks of the verbal quibbler. It is absurd to define a 
nucleus in terms of certain of its chemical characteristics 
alone. Still more absurd is it to base a definition upon its 
staining reactions; for—apart from the fact that it cannot, 
in most cases, be definitely proved whether staining is a 
chemical or physical phenomenon—it is well known to every 
cytologist that different nuclei may display a very wide range 
of difference in their staining capacities. And yet I think 
every biologist knows what he means when he speaks about 
a nucleus. He means a morphological element of the 
living cell—a structure which could have been discovered 
even if chemistry were completely unknown, and staining had 
never been invented. The concept “nucleus” is fundament¬ 
ally one of form—the idea, that is to say, belongs primarily 
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to tlie province of morphology, not of chemistry or physics. 
It is necessary to bear this in mind when discussing it. Hence 
whether a given body is a nucleus or not can only be decided 
by studying its morphology and then comparing it with other 
structures which we agree to call nuclei. Chemical properties 
and staining reactions may aid us materially in reaching a 
conclusion, but they cannot alone be used as criteria at 
present. 1 If they could, then a pound of nuclear substance— 
if it could be obtained—would be a nucleus. 

One more point must be mentioned here. It has been 
many times asserted that Bacteria consist entirely of nucleus, 
or entirely of cytoplasm — because no cellular differentiation 
like that of other organisms has been discovered. That 
Bacteria are composed of cytoplasm is not frequently stated 
in so many words, but it is often tacitly assumed when speak¬ 
ing of these organisms as enucleate. But that Bacteria are 
nuclei has been definitely stated by many workers — especially 
in recent years by Iiuzicka. Now, apart from any work 
which may have led to such an interpretation, I should like 
to point out that such statements are, a priori, nonsense. 
By “nucleus ” and “ cytoplasm” are meant definite morpho¬ 
logical elements into which most—probably all — cells are 
differentiated. There is good experimental evidence that 
neither nucleus nor cytoplasm—specialised parts both of the 
living protoplasm—is capable of living independently of the 
other for any length of time. To call a Bacillus a naked 
nucleus is, therefore, a misapplication of a word in common 
use. An organism may have a structure similar to that of 
many nuclei, it may have similar chemical and staining 
characters, 2 but to call it a nucleus in consequence is — far 

1 In connection with tlie nucleus in Bacteria somewhat similar 
views have already been expressed by Schaudinii (19o:>). It is curious 
to note how many other writers are so profoundly impressed with the 
importance of chromatin that they frequently use chromatin ” and 
" nucleus " as though they were synonymous. 

2 It should also he emphasised that the "special affinity for chromatin 
stains/’ which is often attributed to Bacteria, is—as Fischer has 
pointed out—a myth. 
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from giving a satisfactory interpretation—simply to misuse 
words. That Bacteria are composed of a substance similar to 
cytoplasm may readily be granted ; but to say that they 
consist of cytoplasm is merely to use the word “ cytoplasm 
in a sense which is not generally accepted. Hence, if it were 
proved—which it is not—that Bacteria were “ cells ” without 
a nucleus, it would be necessary to employ some other word 
than cytoplasm to designate their contents—for instance 
Van Benedeids term “ plasson,” or some such word. At 
present, however, there is no necessity to follow such a course. 
If one chose arbitrarily to call nucleus cytoplasm, and cyto¬ 
plasm nucleus, one could easily make the astounding gene¬ 
ralisation that cytoplasm was really not cytoplasm, but 
nucleus. Such, it seems to me, is the method of reasoning 
which is occasionally applied in considering the structure of 
Bacteria. 

In addition to the foregoing considerations, I should like 
to emphasise another point. It is sometimes stated that the 
Bacteria show a peculiar kind of protoplasmic organisation 
in which nucleus and cytoplasm are not yet differen¬ 
tiated from one another—that Bacteria show, in fact, a 
primitive type of structure. Now it has never been proved 
-—and indeed the evidence is against it—that Bacteria 
possess such a structure. It is obvious, therefore, that 
the assumption of a condition supposed to be primitive 
cannot be used as an argument in favour of the primitiveness 
of the group—as is sometimes done. 

Having said so much with regard to the nucleus in general, 
I will pass on to an application of my reasoning to the 
experimental results. 

I shall begin with a consideration of the Coccus forms of 
Bacteria. 1 have shown that certain Micrococci and 
Sarcime contain, in each cell, a single, centrally placed 
spherule. This body is a morphological feature common to 
every cell. When the cell divides, the spherule also divides 
—its division preceding that of the cell as a whole, and being 
characterised by the formation of a. dumb-bell-shaped figure 
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during the process. There is therefore every reason to believe 
that the centrally placed body is a living constituent of the 
cell. It cannot be maintained that it is anon-living* structure 
—for instance, a fat globule or metachromatic granule. 
Xow on purely morphological grounds, on analogy with what 
is known of other cells, 1 think I am justified in calling this 
centrally placed body in cocci a nucleus. It corresponds 
as closely as could be desired with the structures which we 
are accustomed to call nuclei in other cells. If it is not a 
nucleus, then what is it? There is, I believe, only one 
possible answer to such a question—that it may be a structure, 
absent from other cells, which looks exactly like, and 
behaves exactly like, a nucleus, but is really not a nucleus. 
I think, therefore, that on morphological grounds it is com¬ 
pletely justifiable to regal'd this body as a nucleus. More¬ 
over, such a conclusion is considerably supported by the fact 
that the structure is stained red by Romanowski’s method— 
the colour which is assumed by structures which are uni¬ 
versally admitted to be nuclei. 

The observations which 1 have made do not stand alone. 
They are supported by the quite independent observations of 
Nakanishi (1901) and Mend ( 1 910) 1 —both experienced 
workers who employed reliable cytologieal technique. The 
organisms studied by Xakanislii, Mend and myself, though 
all Coccus forms of Bacteria, are all different organisms, and 
the cytologieal methods used were different in each case. 
Both Nakanishi and Mend, moreover, draw the same conclu¬ 
sion as I do — though not altogether from the same premisses. 
They both believe that the structures which they discovered 
are nuclei. 

The contention of Meyer (1908), that the nuclei described 
by Nakanishi are really vacuoles, is hardly worth discussing; 

1 I should like to point out — though of course I do not claim priority 
in the discovery of nuclei in Cocci— that my observations were ill no 
way influenced by the work of Nakanishi or Mend. My own observa¬ 
tions were made before I had seen Nakanishi s work, and two years 
before the publication of Mend’s paper. 
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for the same idea occurred to Nakanishi himself, and lie 
brought forward good experimental evidence to show that 
tliis was not the case. 

Asa result of my researches I regard it therefore as certain 
that the Coccus forms of Bacteria contain a nucleus 
of the form which 1 have described in the earlier part of 
this paper. 

And now let us consider the other Bacteria. I have 
pointed out already that I have investigated a large number 
of cocco-bacillar organisms which present every degree of form 
between typical Cocci on the one hand, and typical Bacill i 
on the other. With change in the external shape, the lindens 
shows a corresponding modification. It becomes elongated 
witli tli e elongation of the cell, and hence assumes the form 
of a filament. In round coccus forms, the nucleus is round. 
In slightly elongated cocci, the nucleus is in the form of a 
short i-odlet, which may lie curved or slightly bent. In still 
more elongated cocco-bacillar organisms, the nucleus may 
leave the form of a zig-zag or spiral filament. These forms 
merge gradually iuto the forms of the characteristic spiro- 
g 3 T ra type. 

1 have not proved that the Cocci, spirogyra Bacilli and 
intermediate cocco-bacillar forms, which 1 have found living 
together, are genetically connected. A proof of this is 
immaterial for the present purposes. It suffices to know that 
ail these forms occur. Morphologically considered, therefore, 
the spiral or zig-zag filament present in Bacilli of the 
spirogyra type is the e(juivalent of the spherical body which 
lies in the centre of the Coccus cells. Cousecpiently, if it is 
agreed that the latter is a nucleus, it follows that the spiral 
filament of Bacilli of the spirogyra type is also a 
nucleus. This is a conclusion which is supported by the 
behaviour of the iilament during cell-division and spore- 
formation, which 1 have described in detail in B. spirogyra. 
My study of this form indicates beyond a doubt that the 
filament is a 1 i v i n g element of the cell, and not a metaplasmic 
structure. 
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A further point in support of the morphological equivalence 
of the spherical nuclei of Cocci and the filamentar nuclei of 
certain Bacilli is furnished by the observations recorded on 
p.421. I have shown that the nucleus of certain Micrococci, 
when the cell is elongated during the process of cell-division, 
may be drawn out into a zig-zag or spiral filament. We see 4 
here directly, I believe, the way in which the filamentar 
nucleus of some Bacilli has been derived from the spherical 
nucleus of Micrococcus forms. 

Again, staining reactions—so far as they go—support the 
interpretation of the filament in Bacilli of the spirogvra 
type as a nucleus. 

At this point Bacillus saecobranchi must be considered. 
J have shown that this organism possesses at one stage in its 
life-history a nucleus of the characteristic spirogvra type 
—that is to say, a spiral or zig-zag filament which is the 
morphological equivalent of the nucleus of Coccus forms. 
Xow this structure undergoes a remarkable transformation 
during the development of the organism. It becomes con¬ 
verted into the form which I have called tin* “irregular 
form ”—assuming an appearance of an irregularly branching 
filament or network. This structure in turn breaks up to 
form a series of granules scattered diffusely through the 
whole cell—the “chromidinl form.” 1 It follows, therefore, 
with absolute certainty, that if the spiral filament is a 
nucleus—as 1 have already shown is almost certainly the 
case—then the chroniidial structures are also the 
morphological equivalent of a nucleus. They are 
developmental stages of the very same living constituent of 
the cell which is represented at other times by a spiral 
filament or irregularly branched filament or network. In 
Bacillus saecobranchi, therefore, there is every reason to 
believe that a nucleus in the form of scattered granules, or 
ehromidia, exists at certain stages in the life-cycle. 

1 I have pointed out (p. TIT) that it is possible that the changes in the 
nuclear structures may take place in the reverse order to that Avon 
above. It is immaterial to my argument in which direction the sequence 
of developmental changes takes place. 
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Again in this organism, staining results confirm the morpho¬ 
logical interpretation. 

Arguing now on analogy, it becomes highly probable that 
the scattered grannies of Bacilli of the flexilis type — the 
chromidia, in other words — are of the same nature as the 
granules of Bacillus saccobranchi. They are the ouly 
morphological elements distinguishable in the cells, and that 
they are living structures — not reserve material — appears to 
me quite certain from the part which they play during spore- 
formation. When it is further found that, in the course of 
spore-formation, the granules arrange themselves in the form 
of a spiral or zig-zag filament 1 — like that of Bacilli of the 
spirogyra type — then the nuclear interpretation of the 
granules is not merely strengthened, but becomes almost a 
certainty. It appears to me that there is only one logical con¬ 
clusion to be drawn from these facts — that the chromidia of 
Bacilli of the flexilis type represent the nucleus, 
being the equivalent (morphologically) of the spherical 
nucleus of Cocci and of the spiral filament of other Bacilli. 

When we find that many smaller Bacilli show a structure 
which is essentially the same as that of the large Bacilli of 
the flexilis type, it is only natural to suppose that we see 
here, also, structures which are capable of a similar inter¬ 
pretation. The assumption is justified that the chromidia 
o f small Bacilli constitute their nuclear apparatus. 

In all these cases, moreover, staining reactions — so far as I 
have tried them—support the morphological interpretation. 

If we now consider the structures which are present in the 
Bacilli of a modified flexilis form (from the newt and 
lizard — see p. 430) it becomes apparent that these structures 
also represent phases of the nuclear apparatus. The actual 
facts here are not so well established as in the forms which 1 
have hitherto considered, but it is at least exceedingly 
probable that in these the nucleus exists, at some stages in 
the life-history, in the form of a few large globular masses. 

1 Discovered by Schandiim (1902) in Bacillus biitsclilii, and 
confirmed by me (1908) in the case of B. flexilis. 
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The aggregate of these masses in each cell is the morpho¬ 
logical equivalent of the chromidia or the spiral filament. 

Thus, we see here another modification of the nucleus 
which may exist in Bacteria. 

I will now consider the spirillar forms which I have in¬ 
vestigated. I have found that three different types of 
structure exist in these organisms. In one of these there is 
a minute spherical body present in each cell : it divides with 
a dumb-bell-shaped figure, its division preceding that of the 
cell (small Spirillum from Stylopyga). It is a living- 
element — a morphological feature of each cell. In the 
second type, there is a filament of a zig-zag or spiral form, 
which also divides into two during cell-division (Spirillum 
from La cert a mural is). Thirdly and lastly, there is a 
type of Spi ri 1 In m whose characteristic morphological feature 
is a system of granules scattered through the cell (Sp. 
monospora, large Spirillum from Stylopyga). From a 
consideration of these spirillar forms alone we could, with 
considerable justification, reach the conclusion that these 
three different types of structure represent three different 
modifications of the nuclear apparatus — upon morphological 
grounds. When the analogy of these structures with the 
nuclei of Cocci and Bacilli is considered, however, it appears 
to me that only one logical deduction can be drawn, namely, 
that the single spherule, the spiral filament, and 
the chromidia of Spirilla are nuclei. 

Staining-, again, gives results consistent with this inter¬ 
pretation. 

1 believe my nuclear interpretation of the various 
structures discussed above is the only logical 
interpretation which can be given to the facts 
known to us at present. And of the accuracy of the 
facts which I have recorded, I have not the slightest doubt. 1 

1 Owing to the fugitive nature of the staining methods which I have 
frequently employed, it is now impossible to demonstrate many of my 
preparations satisfactorily. I have therefore at various times demon¬ 
strated my preparations to competent observers, in order that they 
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It remains now to consider how far these facts coincide 
with those recorded by others. 

First of all, I would point out that my results are in agree¬ 
ment with those of Schandinn (1902, 190-3) and Gnilliermoud 
(1908)— both of whom made accurate cytological investiga¬ 
tions of different organisms. Both these observers, however, 
examined Bacteria which possess a nucleus of the chromidial 
form : it is with my chromidial forms, therefore, that their 
results must be compared. Both Schandinn and Guilliermond 
— though on different grounds—arrived at an interpretation 
similar to my own. 

Quite recently, Gnilliermoud (1909) has recorded the exis¬ 
tence of two species of Bacillus and a, S pi ril 1 n in which 
possess nuclear filaments like those which 1 have described in 
these forms. 11 is observations appear to have been made 
quite independently of mine, and may therefore be taken as 
confirmatory. 

1 find it difficult to decide how far the results of Swellen- 
grebel (190(5, 1907, 1907a, 1909, 1909a) coincide with mine, 
lie finds in Bacilli and Spirilla remarkable fi lumen tar 
structures, usually in the form of an irregular or broken 
spiral. On account of the micro-chemical and staining 
reactions of these structures, he is led to interpret them as 
nuclei. They are not exactly like' the filamentar structures 
which occur in Bacilli of the s p i rogv ra type. In many 
eases they resemble certain of the nuclear modifications of B. 
sacco branch i. It seems to me possible that in some cases 
also the appearances are the result of imperfect fixation 1 — the 
original spiral filament having been broken up in this process. 
Sometimes, also, the filaments may be really chromatin 

could confirm my statements as to the existence of the structures which 
1 have described—if their existence were called in question. Anions 
those to whom f have shown one or other of iny preparations may he 
mentioned Sir Bay Lankester, Prof. Adam Sedgwick, Prof. J. B. 
Farmer, and Prof. F. Vejdovskv — all of whom have agreed with me 
as to the appearances presented. 

1 See footnote on p. 117. 
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granules connected by deeply stained cytoplasm—as main¬ 
tained by Guilliermond (1908). As I have not myself made a 
study of the forms which Swellengrebel describes, and as his 
work has evidently been conducted with considerable care 
and thoroughness, I hesitate to make any more definite 
criticism of it at present. 

The earlier observations of Biitschli (1890, 1896), Wahrlich 
(1890), Zettnow (1897), and others are in agreement with 
mine 1 if it be assumed—as appears highly probable—that 
they investigated only those forms of Bacteria which possess 
a chromidial nucleus. With Butschli’s interpretations, how¬ 
ever, I cannot agree. 

Xuclei in the form of a few small granules in each cell, 
described by Meyer (1897, 1899), and Preisz (1904), are 
probably of the same nature as chromidial nuclei, and 
the nuclei which occur in the Bacilli of modified flexilis 
type. 

The facts and their interpretations, given by Xakanislii 
(1901) are—in many cases—closely parallel to my own. 
Nakauishi found filamentar nuclei in Bacilli (e.g. B. 
anthracis), and in Spirilla spherical and filamentar nuclei, 
which are very like the structures which I have myself ob¬ 
served in similar forms. After ably discussing his observa¬ 
tions, Xakanishi arrived at an interpretation which agrees 
with mine. 

How far the observations of Amato (1908) can be brought 
into line with my own I do not know. It is possible that 
the “nuclear” structures which he describes are really meta- 
chromatic granules—as suggested by Guilliermond (1910). 

A point of considerable importance is to be found in the 
work of Schewiakoff (1898). In Achromatiu m, he found 
a number of minute chromatin granules scattered through the 
cytoplasm—in other words, he found a nucleus of the 
chromidial type. He observed that these grannies undergo 
division—which is a further important piece of evidence 

1 So far as the actual morphology of some of the smaller Bacteria 
is concerned. 
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that they are living’ structures. 1 In Bacilli of theflexilis 
type the chromidia are too small for their division to be 
observed with accuracy, but I think they probably behave in 
much the same way as the larger chromidia of Achro- 
m a t i u m . 

The remarkable woik of Mend (190b) upon filamentous 
water Bacteria (Cladothri x, etc.) contains many observa¬ 
tions which are in complete accord with mine, in the forms 
investigated — which are pleomorphic — he found nuclei of a 
spherical, filamentar, and chromidial form, with numerous 
intermediate forms. He was able to observe the division of 
these nuclei in the living cells — thus proving that they were 
really living structures, and not metachromatic or other non- 
livino* o'ramdes. He believes that the different nuclear forms 

O © 

occur, at different stages in the life-history, in the same 
organism. His results are therefore closely similar to mine. 

The nuclear interpretation of the chromidial structures 
present in Bacteria — as upheld by Schaudinn, Guilliermond 
and myself — has been controverted by Kiizicka (1909) on the 
grounds that the whole bacterial cell is itself the equivalent 
of a nucleus. Apart from the a priori absurdity of this 
view—which I have already pointed out above — I must em¬ 
phasise the fact that the observations recorded in the present 
paper completely condemn such an interpretation. On the 
other hand, I believe the chromidial view is completely 
vindicated. The statement made by Ambroz, who follows 
Ruzicka, that the chromidial view has been “ reduced ad 
absurdum” by the latter, is therefore entirely erroneous. 

The observations of Hitrophanow ( 1893) 2 seem to me to be 
capable of being brought into line with my own, when 
allowance is made for the difference in technique. 1 find it 
not always easy to comprehend Mitrophnnow’s meaning; his 
methods of fixation and staining also seem to leave much to 

1 Hinze made similar observations in the ease of Tliiophysa. 

2 This paper is an abstract only of a larger work in Russian. It is 
therefore possible that Mitroplianow's observations and views are more 
clearly given in the original — which is unfortunately inaccessible to me. 
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be desired. Nevertheless, he appears to have found organ¬ 
isms possessing nuclei in the form of chromidia, spiral fila¬ 
ments and spherical masses of chromatin. He also dis¬ 
tinguishes between nuclei and “granulations,” and points 
out the structural variability which the nucleus displays. On 
the whole, his observations — so far as I understand them — 
appear to be in agreement with mine. 

Kunstler’s (1887) observations upon the structure of 
Spirilla agree closely with what F have myself described in 
Spirilla with a chromidial type of nucleus. Also the 
chromatin structures described in the cholera Vibrio by 
Podwyssozki (1894) bear a strong resemblance in many cases 
to the nuclei which I have shown to occur in the small 
S pi r i 11 n m from the gut of Sty 1 opyga ori e ntad is. 

1 believe the “chromatin” granules described in sulphur 
Bacteria by Hinze (1901, 190-)) and Dangeard (1909) arc— 
like Biitschli’s findings in similar forms —to be interpreted as 
nuclei in a chromidial condition. The same interpretation 
will apply to the grannies of B. oxalaticus, described by 
Migula (1894) ; and also to the iron- and phosphorus-containing 
granules found in Beggiatoa by Macallnm (1899). 1 

Rowland 1 s (1899) results can easily be explained if it be 
supposed that the organisms which he studied possessed 
nuclei in the form of chromidia in addition to metachromatic 
bodies. 

I think I may fairly claim, from what I have already 
pointed out in the preceding pages, that not only do my own 
observations furnish most conclusive evidence with regard to 
the nucleus in Bacteria, but that in almost every case in 
which careful investigation has been made by others, the 
results are not inconsistent with mine. In many cases they 
are, indeed, completely confirmatory. When good technique 
has been employed, and careful observations have been made, 

1 Certain points in connection with fixation are, moreover, not quite 
clear to me in the work of this author. It may also be pointed out that 
Macallnm failed to find a nucleus in the yeasts—in which a typical 
vesicular nucleus certainly occurs. 
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I do not believe a single fact of any importance lias been 
found wliicli speaks against my results. In matters of inter¬ 
pretation, of course there is considerable difference of opinion 
already existing; but I am convinced that no interpretation, 
other than that which I have given, can be found which will 
fit all the facts known to us at present. How far such a con¬ 
viction is justified further work alone can show. 

So far I have considered only the Bacteria themselves, and 
I believe the evidence which I have given from this group 
alone is sufficient to establish the fact that Bacteria are 
nucleate cells. Considerable additional evidence may, how¬ 
ever, be adduced from analogy with two other groups of 
organisms—the Protozoa and the Cyanophycea3. In the 
Protozoa, a cliromidial form of nucleus occurs in many 
different organisms, as a transient stage in the life-cycle. It 
may also occur as the normal vegetative condition. It is un¬ 
necessary to enter into this subject in detail here. The reader 
will find a condensed account of chromidia in a paper which 
I have previously published (see Dobell, 1909b). A nucleus 
in the form of irregular strands, networks, granules, etc., 
scattered through the cytoplasm, also occurs in Protozoa— 
especially in the Infusoria (cf. Dobell, 1909a). 

In the Cyanophycem, analogous nuclear conditions probably 
obtain. It is impossible in the present paper to enter into 
a discussion of the vexed question of the nucleus in this group, 
but I should like to call attention to two recent contributions 
to the subject which have been made as a result of careful 
cytological work. I refer to the work of Gardner (190G) and 
Ouilliermond (1907a) Gardner describes and figures nuclei 
in the form of networks, granules, and irregularly branched 
filaments. Guilliermond describes similar structures, and also 
nuclei in Nostoc which resemble those of M ierococci, and 
nuclear filaments, like those of Bacillus spirogyra, in 
Bivularia. If analogies were wanting for the structures 
which I believe to be nuclei in Bacteria, they could be found 
therefore without any great difficulty in the nuclei of other 
organisms. 
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Do Bacillar Forms with a Vesicular Xu clous 
exist?—I have already had occasion to note that Bacilli 
with a typical vesicular nucleus have never come under my 
observation. All the organisms which I found to be con¬ 
stituted in this manner have proved to be Fungi. Others, 
however, have described very definite instances in which 
vesicular nuclei occur, and the matter is of such moment that 
a brief discussion is here necessary. 

In the accounts of the older observers, the observations 
are so incomplete, and the technique employed was so 
imperfect, that a discussion seems useless. This is not the 
case with some more recent work, however. I refer to the 
publications of the Bohemian investigators, Vejdovsky, 
Mend, and Raymau and Ivruis. 

There seems no doubt at all, from the very careful work 
of Vejdovsky (1900, 1904) and Menel (1907), that the organ¬ 
ism which the former has named Bacterium gammari 
really possesses a vesicular nucleus, which divides mitotically. 1 
The only point which requires to be settled is whether the 
organism really belongs to the Bacteria or not. Considerable 
discussion has already taken place regarding this. Some 
observers (e. g. Gnilliermond, 1907, 1908, 1910) are inclined 
to regard it as a yeast-like fungus — not a Bacterium at all. 
The resemblance between certain veast forms and this 
organism is certainly very striking (compare, for example, 
the figures of Menel [1907] — figs. 4, 7, 10, etc. [pi. x] — 
with Wager's [1898] figures — figs. 45, 4G, 47 [pi. xxx]—of 
Saccharomyces pas tori an u s). After my own experi¬ 
ences with Bacterium-like yeasts (see p. 455), I hesitate to 
express an opinion with regard to B. gammari. It is 
most important that further observations should be made 
upon this most interesting organism ; and it is to be hoped that 

1 My friend Prof. Vejdovsky has very kindly given me a preparation 
of this organism, so that I have been able to examine it myself. To 
my mind there can be no doubt as to the accuracy of the accounts 
which have been given of it. 
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before long someone to whom fresh material is accessible 
will reinvestigate the matter thoroughly. 1 

Regarding Vejdovsky’s filamentar forms from Bryodrilus, 
my opinion is that they are really Fungi, similar to those 
which I have myself described. Clnilliermond (1907, 1908) 
expresses a similar opinion—"nous sommes a pen pres 
certains, apres Fexamen attentif de ses (i.e. Vejdovsky’s) 
preparations, cpFelle correspond a nne moisissnro. Nous 
n’avons trouve en tous eas, dans cette espece aucun des 
cliaracteres des Bacteries ” (1908, p. 47). 

I think there can be no doubt that the Bac teri n m-like 
organisms, which I have already described (p.455), are really 
Fungi, allied to the Saccharomycetes. The evidence for this 
is chiefly derived from two features of their life history—(1) 
the assumption of a characteristic yeast form, which repro¬ 
duces by budding, (2) the formation of mycelium-like out¬ 
growths. 2 Similar outgrowths have been observed in yeasts 
by other workers (cf. Janssens and Mertens, 1904). To this 
same group of organisms belong—I believe—two other forms 
which have recently been described, namely, Kermincola, 
a parasite of the body cavity of Coccid insects (Sale, 
1900), and Bacillopsis stylopygm, from the cockroach 
(Petsehenko, 1908). Both these forms appear to me to be 
indubitably Fungi, and not Bacteria (cf. also Yejdovsky, 
1900). The fact that my organisms, Kerm in col a and 

1 It is to bo gathered from the discussion which lias taken place regard¬ 
ing B. gamma ri (G nilliermond, 1907, 1910 ; Monel. 1909) that Seha.ii- 
dinn—who saw Vejdovsky’s preparations at the Zoological Congress in 
Berne—at first expressed the opinion that the organism was a yeast. 
Later, however, lie accepted Vejdovsky’s interpretation of it as a 
Bacterium—an opinion shared also hy Schewiakoif. 

2 The formation of outgrowths is of course occasionally observable 
in true Bacteria (Bacilli, Bacteria, Spirilla). It is usually 
observed only in involution forms. Meyer (1901) interprets the out¬ 
growths as a reminiscence of mycelium formation in the ancestors of 
Bacteria—believing them to he of fungal origin. For my own part, I 
do not believe that the Bacteria have anything whatever to do with the 
Fungi, and do not regard this as a correct interpretation of the pheno¬ 
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Bacillopsis, are all Fungi, indicates of course nothing* 
regarding the existence or non-existence of true Bacteria with 
a typical vesicular nuclear 

The vesicular nuclei described in Bacteria by Mend (1904, 
1905, 1907) and Bay man and ivruis (3 904) are, according to 
(Juilliermond (1907, 1908, 1910), capable of a very different 
interpretation. According to him, the “nuclei” are really 
nothing more than various stages in the formation of trans¬ 
verse septa in dividing cells. This interpretation is vigorously 
attacked by Mend (1909), who maintains that vesicular 
nuclei are actually present, and can be readily distinguished 
from the transverse septa. Mend’s figures certainly seem 
dear enough—as do the photographs of Layman and Krais. 
And I find it difficult to believe that so accurate and ex¬ 
perienced an observer as Mend could make such a mistake. 
Swellengrebd’s 1907) results on B . bi n u cl eat u m are also 
favourable to his interpretations. Vet a certain amount of 
uncertainty exists at present regarding these forms. 

Finally 1 must say that it seems to me probable that 
Bacteria do exist which possess—at any rate during part of 
their life-cycle—nuclei of the vesicular form characteristic of 
the cells of “'higher” animals and plauts. It is certainly not 
legitimate to argue that because Bacteria have not been 
previously found which contain a vesicular nucleus, therefore 
that any form in which a vesicular nucleus can be demonstrated 
•— e.g. Bact. gammari —does not belong to the Bacteria, 
but to the Fungi or some other group. This is simply begging 
the question. There is absolutely no reason, either from my 
own observations or from those of other workers, why typical 
vesicular nuclei should not occur in some Bacteria. The 
evidence, in fact, is in favour of the view that such nuclei do 
exist in certain Bacteria at certain stages in their lives. 

V a r i a b i 1 i t y o f the Nucleus a t d i ft* e r e n t 1 1 e r i o d s i n 
the Life- cycle.— It will already be apparent to anyone who 
has read the preceding* part of this paper, that the lindens of 
any given bacterium is not necessarily constant in its form at 
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all stages in the life history. This point seems to me worth 
special attention. 

In the case of Bacillus saccobranchi, I have pointed 
out that the nucleus may be in the form of a spiral filament, 
or in the form of cliromidia, or in forms intermediate between 
these and characterised by having an appearance of irregular 
strands, granules or networks of chromatin. There can be 
no doubt that, in this Bacillus at least, the nucleus has a 
variable structure. There is, however, no evidence to show 
what relations these various nuclear modifications bear to the 
life-cycle as a whole. All that can be said at present is that 
these different nuclear forms exist. 

When we turn to the Bacilli of the flexilis type, however, 
we have exact knowledge of the relations between the nuclear 
modifications and the phases in the life-cycle. From 
SchandiniTs (1902) study of B. biitschlii and my own re¬ 
searches on B. flexilis and allied forms it can be definitely 
stated that the chromidial stage represents the normal 
vegetative condition of the nucleus, existing throughout the 
greater part of life. A nucleus in the form of a spiral 
filament occurs as a transient stage connected with, and 
immediately preceding, spore-formation. In the spore itself 
a third nuclear modification is seen. The chromatin is in the 
form of a densely aggregated mass, which constitutes the 
chief part of the living substance of the spore. From this 
aggregated mass the chromidial condition is again assumed 
in the process of germination from the spore. 

In the Bacilli which I have termed those of a “modified 
flexilis form, 55 these three nuclear conditions are encountered 
in a modified form, but their relation to the phases of the 
life-cycle has not been determined. 

In Spirillum monosporsi (Dobell, 1908), Bacillus 
sporoliema (Schaudinn, 1903) and many other Bacilli 
(Cfuilliermoud, 1908) only two modifications of the nucleus 
have been established. During the vegetative condition the 
nucleus is in the form of chromidin. It then assumes the 
form of an aggregated mass, which enters into the formation 
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of the spore. These two different nuclear conditions therefore 
coincide very definitely with two different phases of the life- 
cycle. 

In Bacillus spirogyra and allied organisms—as I have 
shown (1909) — two nuclear conditions are also found. 1 In 
the ordinary vegetative part of the life-history the nucleus 
is in the form of a filament. A part of this gives rise to a 
large, aggregated spherical mass of chromatin which enters 
into the spore. Here, again, the nuclear changes are corre¬ 
lated with definite stages in the life-history. 1 have not 
studied the young Bacilli which emerge from the spores in 
any organism of the spirogyra type. I cannot therefore 
state with certainty that the observed nuclear changes are the 
only ones which exist. On analogy with 1>. sac cob ran cli i, 
it is quite possible that a chromidial condition of the nucleus 
occurs in Bacteria of this sort. 

I have shown that three different nuclear conditions exist 
in three different species of Spirilla which I have studied. 
If one can argue on analogy in this case, it appears not 
improbable that these nuclear conditions are temporary, and 
that other phases in the nuclear structure exist in these 
organisms also. It is quite possible, for example, that the 
nuclear filament in the Spirillum from the intestine of 
Lacerta muralis may at other stages in the life-cycle—as 
in Bacillus sac cob ranch i— become modified into the 
chromidial form of nucleus which exists in such an organism 
as Sp. m onospora. 

My own belief is that the n u clens i n B ac t er i a in a y 
display not one, but many forms during the whole 
life-cycle. Many of the nuclear structures which have 
been shown to exist in these organisms should, I think, be 
regarded as temporary stnges rather than as permanent 
conditions. The different results which have been reached 

1 It may he emphasised also that the spiral filament itself in Bacteria 
of this type shows a wide latitude of variation in form. Whether these 
variations are correlated with special stages in the life-cycle is as yet 
unknown. 
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by different workers when working, apparently, upon the 
same species, may to some extent find an explanation in this 
circumstance. 

I would call attention to the fact that Meucl 1 — whose 
studies have been carried on with quite different Bacteria 
from those which I have investigated — has arrived at a 
similar conclusion. Many times Mend has emphasised this 
point — a point which is, 1 believe, of fundamental importance 
for reaching a correct interpretation of the Bacteria. I am 
rejoiced that in this we are both agreed. 

Pleomorphism.—Though 1 have no conclusive evidence 
to add to what has already been contributed to the hypothesis 
of the pleomorphism of Bacteria, nevertheless, I must point 
out that many of the facts recorded in the earlier part of this 
paper are consistent with such a view. 

"Whilst investigating the Micrococcus, Cocco-baci 11 us 
and Bacillus forms which I found in the gut of the lizard, I 
was often impressed by the apparent genetic relations existing 
between them. The same was the case with many of the 
different bacillar forms which I found in the blood of Sacco- 
brancli ns. I have already pointed this out in previous 
pages, and although a direct proof of such genetic continuity 
is wanting, my observations are completely in accord with 
such an interpretation. This appears to me, in fact, the most 
probable hypothesis at present: otherwise it would be neces¬ 
sary to assume the existence of an almost inconceivably large 
number of species to account for the number of intermediate 
forms which occur. 

For my own part, I believe — although this is a view which 
is not held by the majority of “bacteriologists” — that the 
greater number of Bacteria are pleomorphic. That pleo¬ 
morphism does exist in many Bacteria, 1 think there can be 
no longer any doubt. Since the early work of Iiay Lankester, 
Cienkowski, Zopf, Metehnikoff and others, an immense mass 
of evidence has been brought forward in favour of such a 
view. It is outside the limits of the present paper to enter 
1 See especially his studies on water Bacteria (Mend, 1005). 
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into a discussion of this matter, hut I should like to call 
attention to the exhaustive — but almost completely ignored 
— work of Billet (1890), and the remarkable researches of 
ilencl (1905) in this connection. Here will be found an 
immense collection of facts bearing upon the matter. 

It appears to me probable that —just as in the case of 
their nuclei — the majority of Bacteria may possess a wide 
range of variation in their outward form at different stages in 
their life-histories. The matter can be decided, however, by 
further research only : but it offers a vast field for future 
investigation —investigation which is not only of a most 
fascinating nature, but of which the results also will be of 
the greatest biological interest. 

I) o B nucleate B a e t e r i a B x i s t ? — I wish to say a few 
words here about the belief which is often held, that the 
Bacteria are a group of organisms which possess no structure 
homologous with tlie nucleus present in the cells of other 
protists, animals or plants. 

From a survey of the work which has been done upon the 
cytology of the Bacteria, I think it may be stated with 
absolute certainty that not a single bacterial species 
has been proved to be devoid of a nucleus. I do 
not say that a nucleus has been proved to be present in every 
bacterial species: but 1 do maintain that a nucleus has 
been demonstrated in a large nu m b e r of species 
of Bacteria. The probability is, therefore, that all Bac¬ 
teria are nucleate cells. That enucleate Bacteria may exist, 
is, of course, a possibility which cannot be denied; but at 
present there is absol u tely not a vestige of evidence 
in favour of such a view. 

I should like also to draw attention to a sort of state¬ 
ment about Bacteria which may be very frequently encountered 
in biological writings. The following quotation will serve as 
an instance of the sort of thing I mean : u It may be pointed 
out that it is in these low forms of life that we must look for 
a key to the secret of the origin of the cell nucleus, as well 
as for data to determine the morphological character of the 
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primal life organism” (Macallum, 1809, p. 439). This is 
one case in which this idea is definitely stated, but dozens of 
other passages in the works of other writers can easily be 
found in which a similar view is either formulated or tacitly 
assumed. 

| In statements of this sort two assumptions are made : 
first, that Bacteria are more simply organised than other 
living beings; secondly, that the more si mply — -organised 
beings are phylogenetieally the more ^primitive. There is no 
real justification for either of these assumptions. By calling 
! Bacteria “ low forms of life,” it is easy enough to arrive at 
the conclusion that they occupy a position near the bottom 
[ of the phylogenetic tree. But this is nothing more than a 
petitio principii—a using of the conclusion at which it is 
desired to arrive as evidence for that conclusion. It is, of 
course, open to anybody to make the assumption that the 
Bacteria are like the most primitive forms of life; but the 
fact should not be lost sight of that this is at present an 
assumption, and nothing more. 

“ Fusiform Bacteria.”—All the so-called “fusiform 
Bacteria” which I have examined possess a distinct nucleus, 
usually iu the form of a spherical mass of chromatin—one in 
each cell. This nucleus divides previous to the division of 
the cytoplasm. 

Xuclei, which divide by amitosis, were originally described 
in the fusiform organism (“Bacillus fusiformis”) which 
occurs in the human mouth, by Miihlens and Hartmann 
(1906). This—so far as I am aware—was the first record of 
nuclei in these organisms. A detailed description of the 
nucleus was not given, and no figures were published. 

Quite recently, Hoelling (1910) has given a detailed 
account of a fusiform organism—which lie names Fusi¬ 
formis termitidis 1 —which occurs in the gut of termites 
(locality and species not stated). He also describes and 

1 Presumably a mistake for termitis. Hoelling proposes for all 
the fusiform organisms the generic name Fusiformis in place of the 
obviously inapplicable name Bacillus. 
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figures the fusiform organism from the human mouth, a 
form from fresh water, and a form from the cmcum of a 
rnonse. In all these, he finds nuclei which are essentially the 
same as those which I have found in the various forms 
described in the preceding pages. 

Hoelling describes the formation of long, multimiclear 
filaments by these organisms. He regards this as a degenera¬ 
tion phenomenon. The occurrence of these filamentar (un- 
segmented) forms lends, I think, some support to the view, 
which I have already expressed (p. 452), that the fusiform 
Bacteria” are really Fungi. 1 At present there is no con¬ 
clusive proof that this is so; but it should be noted also 
that there is no proof that these protists are Bacteria. 

Whatever be the systematic position of the “ fusiform 
Bacteria,” I think there can be no longer any doubt that 
they possess a characteristic nucleus, in the form usually of a 
minute sphere or grannie—one in each cell—which divides 
by a simple process of amitosis. 

Affinities of the Bacteria.—This is not the place to 
discuss the affinities of the Bacteria in detail. Yet I believe 
we have now arrived at the beginnings of a correct inter¬ 
pretation of the structure and life-history of this group, so 
that u discussion of their affinities would be more profitable 
now than it would have been a few years ago. 

Three chief views regarding the affinities of the Bacteria 
have been advanced : namely, that they are allied to the 
Fungi, to the Cyanophycete, or to the flagellate Protozoa. I 
have previously expressed the opinion that the Bacteria do 
not show affinities with the Fungi. The cytological studies 
recorded iu this paper confirm this view completely. I 
believe there is not a particle of evidence to support the 
hypothesis that the Bacteria and Fungi are connected. The 

1 I would call attention to the resemblance which these organisms 
hear to a fungus described by Sulc (1910) from the body-cavity of 
Chernies strobilobins. This fungus—probably a yeast—which 
Sulc calls Schizosaccliaromyces cliermetis strobilobii. has a 
“ caraway-seed shape,” and the figures of it (fig. xv) certainly show a 
strong similarity to many “ fusiform Bacteria ” which I have observed. 
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name “ Schizomycetes ”— or “ Spultpilze 33 — is a complete 
misnomer. Similarly, with regard to the Protozoa, I see no 
real evidence at all which indicates that affinities exist between 
this group and the Bacteria. There is no real similarity 
between them. 

There is, perhaps, rather more evidence of the affinities of 
the Bacteria with the Cyanophycem. Nuclear resemblances 
between the two groups certainly do exist, but on the other 
hand there are many important differences. The evidence 
is certainly very far from conclusive. 1 

F believe that at present there is no clear evidence of the 
affinity of the Bacteria with any other group of organisms. 
Bor the present they must be regarded as a group of Protista 
which stands quite apart. 

I believe, further, that amongst the Bacteria a number of 
forms are included which do not really belong — that the 
group Bacteria, as at present constituted, comprises a very 
heterogeneous assemblage of forms. 

Similar views to these have already been expressed by 
Mend (1907) and (utiHiermond (1907), when considering the 
facts which were then known. I have myself also expressed 
the same views on a previous occasion, and 1 believe that 
they are now completely justified. 


Conclusions. 

I think, from the facts which have been given and analysed 
in the foregoing* pages, the following chief conclusions are 
justified : 

All Bacteria which have been ad eq u a tel y i n ves t i- 
gated are—like all other Protista—nucleate cells. 

1 I should like to point ont here that the cytology of tlie Cyano- 
phyeeae and sulphur Bacteria does not furnish us with anything more 
than analogical evidence regarding the structure of the smaller 
Bacteria (i.e. Bacilli, Spirilla, etc.). I believe many sulphur 
Bacteria are probably only distantly related to the majority of the 
smaller forms, and there is no clear evidence that the Cyanophyccaj 
have anything to do with them. 
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The form of the nucleus is variable, not only in 
different Bacteria, .but also at different periods in 
the life-cycle of the same species. 

The nucleus may be in the form of a discrete 
system o f granules (chromidia); in the form of a 
filament of variable configuration; in the form of 
one or more relatively large aggregated masses of 
nuclear substance; in the form of a system of irre- 
e-nlarlv branched or bent short strands, rods, or 

O v 

networks; and probably also in the vesicular form 
characteristic of the nuclei of many animals, plants, 
and protists. 

There is no evidence that en uc 1 eate B a c te ri a 
exist. 

Finally, in addition to these purely morphological con¬ 
clusions concerning the nucleus, I think another conclusion 
is rendered highly probable : 

The Bacteria are in no way a group of simple 
organisms, but rather a group displaying* a high 
degree of morphological differentiation coupled in 
many cases with a life-cycle of considerable coin- 
piexi ty. 

A PPEXDIX. 

On the Alleged Autogamy of Bacteria. — In two 
earlier papers I have discussed the so-called “ autogamy ” of 
the disporic Bacteria in some detail. The actual facts 
regarding this process were recorded by Schaudinn (190:2, 
1903), and myself (1908). In a second paper (1909) T 
brought forward strong evidence to show that the so-called 
“ autogamy of Bacteria is not a sexual process at all, but has 
a much simpler explanation. It seems necessary, however, 
to refer to this matter once more, owing to the recent 
appearance of a very misleading article by Dr. Buzicka. 1 

After mentioning* Schaudiun's observations, the author 

1 V. Buzicka, “Ueher die experimen telle Autogaiuie der BakterienA 
‘Arcli. Entw.-Mecli.,’ Bd. xxx. Festschrift f. W. Roux, Toil. 1, p. 443, 
1910. 
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proceeds (p. 4fo)—“ Fine Bestatigung clieser Befuude ist bis 
jetzt mir von Dobell 1 eingelanfen, utid zwar iusofern, als er 
bei Bac. flexilis zum Teil ahnliche Bilder vorgefunden hat. 
Erbestreitet indes die Deutnngen Schaudinns, well er die von 
diesem Forscher geschilderten nnd seine Dentnng eigentlich 
bedingenden Plasnmstromungen niclit beobacliten konnte,” 
And further (p. 445)—“ Vielleicht ist der negative Be Fund 
Dobells damit zn erklii ren, dass er ohne vitale Farbung 
iintersiicht bat/’ 

Xow if Dr. Ruzicka had taken the trouble to read my first 
paper, he would have found that my results were essentially 
the same as Schaudiun’s; that I accepted then SchaudiniFs 
interpretation that the phenomenon was probably a sexual 
one; and that I did employ intra-vitam staining methods, 
and was unable to convince myself that streaming of the 
granules occurred in the living organisms on account of 
their motility. 2 It is in my second paper (1909)—which Dr. 
Ruzicka completely ignores—that I have given what is, I 
believe, a definite proof that no sexual process occurs during 
spore-formation in the disporic Bacteria. There is very 
strong evidence that the “sexual” phenomena are due 
simply to a suppressed cell-division. I should like to point 
out that Dr. Ruzicka’s own observations, recorded in this 
paper, support my view. The “ sexual act” which he invoked 
by growing his Bacteria upon abnormal and innutritions 
media may be quite simply explained by the fact—which he 
himself records—that the organisms divided imperfectly and 
then proceeded to form spores without developing typical 
colonies. Dr. Ruzicka’s incomplete observations and figures 
of the formation of disporic individuals add nothing to the 
facts observed and recorded by Schaudinn and myself. 
Disporic, or coupled monosporie, individuals have already 
been observed in many different Bacteria by maiyy workers. 

1 Here follows a reference to my 1908 paper. 

2 But I have never used this as an argument against the sexual inter¬ 
pretation of the phenomenon. That some of the granules do pass to 
the ends of the cells I have. I think, helped to prove. 
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As L)r. Rnzicka lias added no new facts regarding the 
method of spore-formation in these alleged autogainic forms, 
it is only his interpretation of the phenomena that 1 can 
dispute. But as 1 have already given my arguments against 
the view which he adopts, I can suffice with referring him to 
my second (1909) paper. 

One or two other points appear worthy of mention. Dr. 
Rnzicka says (p. 443)—“Die Bakterien, bei welchen man 
bislang geschlechtliche Vorgiinge festgestellt hat, waren als 
znfallige Cfiiste oder Parasiten andrer Organismen vorge- 
fnnden worden, ohne welter und reingeziichtet worden zn 
sein. Das hatte Skeptikern als Pnnktmn fixinn dienen 
konnen, inn ilire Zweifel an der Reilienfolge der Bhasen des 
besprochenen Yorganges nnd an seiner Zngeliorigkeit zn den 
sexucllen Erscheinungen weiter zu spinnen.” Now it may 
be noted, in the first place, that B. sporonema is a free- 
living form; and secondly, that phenomena continuously 
observed in organisms in their natural environment are of 
more, or at least equal, importance to those observed under 
abnormal conditions, in which many of the factors are 
unknow n. 

Dr. Rnzicka concludes his paper by stating (p. 458) that 
the facts of the alleged “autogainic” process are in accord 
with his interpretation of Bacteria as nuclei. It seems 
scarcely necessary to point out that such an opinion could be 
arrived at only by a complete confusion of ideas coupled with 
a misuse of words. 

It seems to me unnecessary to discuss the speculative part 
of Dr. Ruzicka’s paper, since it is based — I believe—upon his 
misinterpretation of the facts. Until it can be proven that 
sexual phenomena occur, it is useless to construct further 
speculations upon the mere assumption. And at present I 
believe all the evidence speaks very definitely against the 
view that a sexual process occurs at any stage in the life- 
history of Bacteria. 

Imperial College of Science and Technology, 

London. October 5th, 191U. 

VOL. 56, PART 3. -NEW SERIES. 34 
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EXPLANATION OF PLATES 16-19, 

Illustrating ilr. C. Clifford Dobell’s £ * Contributions to the 
Cytology of the Bacteria.” 

[All tlie figures are drawn from fixed and stained organisms under 
a Zeiss 2 mm. apocliromatic oil-immersion (aperture 1*40) with the 
aid of compensating oculars 6, S. 12, and IS, The magnification of all 
figures is the same, and is approximately 2000 diameters. The figures 
are in no way diagrammatic. They are accurate representations of the 
actual appearances observed.] 


PLATE 10. 

Figs. 1-20 ax*e from wet film preparations of the blood of Sacco- 
branchus fossilis, fixed with osmic vapour followed by absolute 
alcohol, and stained with Giemsa's stain. 

Figs. 1-10, 12 and 14. — Bacillus saecobranclii n. sp. 

Fig. 1. — Short Bacillus, with nucleus in the form of a slightly bent 
and varicose filament. 

Fig. 2.—Two Bacilli with nuclei in the form of twisted zig-zag or 
spiral filaments. 

Fig. 3.—Bacillus with nucleus in the form of fragments of a zig-zag 
filament. 

Fig. 4.—Long Bacillus containing a long varicose zig-zag or spiral 
nuclear filament. (Nucleus of spirogyra type.) 

Fig. o .—Large Bacillus in which the nucleus is in the form of 
granules and irregular short, curved, bent, and branched filaments. 
(Irregular type of nucleus.) 

Fig. 0.—Large Bacillus with nucleus partly in the form of an irregular 
zig-zag or spiral filament and partly in the form of irregular branched 
masses—connected with one another. 

Fig. 7.—Two short Bacilli with irregular nuclei. 

Fig. 8.—Large, slightly curved Bacillus, with nucleus in the form of 
a broken varicose zig-zag or spiral filament. 

Fig. 9. —Bacillus with nucleus of irregular type. A part of the 
nucleus shows a very distinct reticular arrangement. 

Fig. 10.—Bacillus with nucleus of cliromidial type. 

Fig. 12.—Bacillus with nucleus in the form of a thick varicose 
filament. 
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Fig. 14. — Bacillus containing a large and almost fully formed spore. 
Residual chromatin is seen lying in the cytoplasm outside the spore. 

Figs. 11, 13. 15-20. — Smaller Bacteria, found in company with 
B. saceohranchi. 

Fig. 11.—Chain of three individuals with nuclei of spirogyra type. 

Fig. 13/—Short, thick Bacillus with nucleus in the form of short, thick, 
irregular rodlet. pointed at one end. 

Fig. 15. — Bacillus with nucleus in the form of a varicose spiral or 
zig-zag filament. 

Fig. 10. — Bacillus with nucleus in irregular masses. 

Fig. 17. — Two Bacilli with nuclei in the form of short, irregular 
rodlets. 

Fig. 18. — A similar organism, with nucleus undergoing division. 

Fig. 19.—Three very small Bacilli with nuclei of spirogyra type. 

Fig. 2<).—-Group of five small Bacilli with spirogyra type of nucleus. 

Figs. 21-23. — Bacilli of flexilis type, from large intestine of Mabuia 
carinata. (Osmic acid 1 percent., drop method ; Leishman's stain.) 

Fig. 21. — Ordinary individual, with chromidial nucleus. 

Fig. 22. — Similar individual. The chromidia are smaller and more 
numerous than in the preceding. 

Fig. 23.—Spore-hearing (disporic) individual. The spore-coats are 
stained blue, and a certain amount of residual chromatin material is 
seen in the cytoplosm. 

Figs. 24-29. — Sarcina from large intestine of Bufo melanostietus. 

(Osmic acid 1 per cent., drop method; Giemsa’s stain.) 

Fig. 24. — Organism in two-cell stage. Small spherical nuclei (red) 
in each cell. The upper cell contains a retractile granule (white). 

Fig. 25.—Four-cell stage. In the upper left-hand cell the nucleus 
lias divided into two. The three other cells each contain a single 
nucleus, hi each cell a single retractile granule is present. 

Fig. 23.—Three-cell stage. The nucleus in the right-hand cell has 
divided into two. hut fission of the cytoplasm has not yet occurred. 
The upper and lower left-hand cells contain dividing nuclei, of 
characteristic dumb-bell form. A single large retractile granule is 
1 (resent in the right-hand cell; the left-hand cells each contain a single* 
and smaller retractile granule. 

Fig. 27, — Three-cell stage. The left-hand cells each contain a single 
nucleus and a single retractile granule. The right-hand cell shows a 
nucleus undergoing division. 


r< >NTIM BUT IONS TO THE OVTOLOfiY OF THE I> A OTEL’TA. 50 I 


Fig. -8.-—Four-cell stage. Each cell contains a nucleus ami a retrac¬ 
tile granule. 

Fig. 29.—Four-cell stage. The lower right-hand cell contains a 
single resting nucleus. The three other cells contain dividing nuclei. 
The upper left-hand cell contains two small retractile granules—the 
three others one. 

Figs. 30-40,—Large Bacilli of spirogyra type from large intestine of 
Mabuia earinata. (1 per cent, osmie acid, drop method; 
Irishman's stain.) 

Fig. TO.—Long Bacillus, with nucleus in the form of a spiral or zig¬ 
zag filament. 

Fig. 31.—A similar form to the preceding, hut with a longer and 
more twisted nucleus. 

Fig. 32.-—Similar form, showing two loops in the nuclear filament. 

Fig. 33.—Similar organism just completing division into two. 

Fig. dE—Shorter individual, with typical spirogyra type of nucleus. 

Fig. do.—Similar form with nucleus in the form of a straighter. 
varicose filament. 

Fig. did. Short Bacillus, with nucleus clearly seen to he composed of 
chromatin granules, aggregated to form a spiral or zig-zag filament. 

Fig. 37. Bacillus containing finely granular cytoplasm and six 
large nuclear granules. Possibly a degenerate or developmental form 
of the preceding organisms. 

Fig. ds Bacillus with nucleus in the form of a broken spiral fila¬ 
ment. Degenerate or developmental form ? 

Fig. d9.—Spore-bearing individual of spirogyra type. 

Fig. 40.- -Degeneration form. 

Fig. 41.— Long, slender Bacillus from large intestine of Mabuia 
earinata. ucleus of cliromidial type. (1 percent, osmie acid, drop 
method ; Leishman's stain.) 

Figs. 42-41.—Micrococci from large intestine of Malmia earinata. 

(1 per cent, osmie acid, drop method ; Leishman s stain.) 

Fig. 42. —Diploeoecus form —each cell with a single nucleus. 

Fig. 43. — Coccus with nucleus in the form of a short zig-zag filament. 

Fig. 44. —Typical Micrococcus, with single nuclear granule. 

PLATE 17. 

Figs. 4-5-bO. —Various Bacteria from large intestine of Lacerta 
muralis. (1 per cent, osmie acid, drop method; Giemsa s stain.) 

Fig. 4d. — Group of five Micrococci of different sizes The nucleus 
is very obvious in each cell. 
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Figs. 4*»-4b.—Four successive stages in tlie division of a Micro¬ 
coccus similar to those seen in the preceding figure. Note the 
characteristic dumb-bell figure assumed by the nucleus during division. 
(Compare with figs. 24-21L Plate 1(5.) 

Fig. 50.—Three coccobacillar forms. The nucleus is in the form of 
a filament, bent in a more or less spiral or zig-zag manner. 

Fig. 51. — Group of short Bacilli, with nuclei of characteristic spiro- 
gyra form. 

Fig. 52. — Chain of Cocci in which division is taking place. Note the 
zig-zag or spiral form assumed by some of the dumb-bell figures of the 
dividing nuclei. (This figure is drawn on a very slightly larger scale 
than the others.) 

Fig. 55. — Small Bacillus with nucleus in the form of a short rod. 

Fig. 54.—Similar organism to the preceding, in the act of dividing 
into two. The nuclear rod is completely divided into two parts. 

Figs. 55-bO.—Large Bacilli of spirogyra type. 

Figs. 55-57. — Three individuals, showing three different arrangements 
of the nuclear filament. 

Fig. 5N.—Spore-bearing individual of same species. (A single ter¬ 
minal spore is formed—as in B. spirogyra.) 

Fig. 5b.—Dividing individual. The two halves of the nuclear fila¬ 
ment are still joined by a very slender chromatin thread. 

Fig. (10. — Another dividing individual. The nucleus — which is very 
much contorted (cf. fig. 5b) — has already separated into two parts. 

Fig. (51.—Three short Bacilli, with nuclei of spirogyra t} T pe, from 
large intestine of B u f o in el a n o s t i c t u s. (1 per cent, osmic acid, drop 
method; Giemsa's stain.) 

Fig. <>2. — Long, curved Bacillus, with irregular varicose nuclear 
filament. Large intestine of Bufo melaiiostictus. (1 per cent, 
osmic acid, drop method ; Giemsa's stain.) 

Fig. <53. — Group of Bacilli from large intestine of Laeerta mural is. 
The nucleus is in the form of an irregular knotted rodlet. The 
lowest organism is undergoing division —tho nucleus being already 
divided into two. (1 per cent, osmic acid, drop method; Giemsa's 
stain.) 

Figs. (14, <55. — Slender Bacilli from large intestine of Laeerta 
muralis. Nucleus in the form of cliromidia. (1 percent, osmic acid, 
drop method ; Giemsa's stain.) 

Figs. (5(5, <57.- — “Fusiform Bacteria" from large intestine of Triton 
vulgaris. The upper individual of the pair shown in fig. (id is 
dividing. Note the nuclei—in the form of double granules. Fig. (57 is 
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a double form, with one lindens (upper) appearing as a solid mass of 
chromatin, the other (lower) as a vesicular structure with a large karyo- 
some. (40 per cent, formol. drop method, absolute alcohol: Giemsa’s 
stain.) 

Fig. <18. —“Fusiform Bacterium *' (double form) from large intestine 
of Lacerta muralis. Each individual possesses a small spherical 
nucleus. (Dry film, absolute alcohol; Giemsa's stain.) 


Figs. <>0-78. — Bacilli from large intestine of Mabuia carinata. 

(Osmic acid 1 per cent., drop method ; Leishmans stain). 

Fig. GO. — Long slender Bacillus with nucleus of spirogyra type. 

Figs. 70-73. — Smaller Bacilli of spirogyra type. Diverse forms and 
sizes. 

Fig. 74. — 'Very small Bacillus with thick nuclear filament of spiro¬ 
gyra type. 

Fig. 75. — A Bacillus, similar to that shown in fig. 7*2. undergoing 
fission. 

Fig 7<>.—Slender Bacillus with nucleus of chromidial type. 

Fig. 77.—Slender Bacillus with large central nuclear mass (possibly a 
plasmolysed form r). 

Fig. 78 .—Bacillus with nucleus in the form of a short, irregular, and 
slightly bent rod-like filament. 

Figs. 79-8-1 — Bacilli of modified fie xilis form from large intestine of 
Triton vulgaris. (40 per cent, formol, absolute alcohol; Giemsa's 
stain.) 

Fig. 70. — Bacillus of fie xil is form, with chromidial nucleus. 

Fig. 80 — Individual with finely granular, darkly staining cytoplasm, 
and large nucleus-like masses of chromatin, eight in number. 

Fig. 81. — Long, sporulating individual, bearing a large chromatin 
spore-rudiment at each end. (The organism is normally disporic. like 
B . flexilis.) 

Fig. 81 b — Long individual similar to that shown in fig. The 

cytoplasm is alveolar, and the chromatin in the form of large nucleus- 
like masses. 

Figs. 83, 84.—Long and short individuals respectively of Bacillus of 
flexilis type from large intestine of Lacerta muralis. Nuclei of 
chromidial form. (Osmic vapour [wet film], absolute alcohol; Gienisa's 
stain.) 
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Figs. $5-90. — Bacilli of modified flexilis form from large intestine of 
Lacerta mural is. (Dry film, absolute alcohol; Giemsa's stain.) 

Fig. ^5. — Long individual, containing three large nucleus-like masses 
of chromatin. 

Fig. SB. — Short individual, with curious arrangement of the chromatin. 

Fig. S7.—Large individual, somewhat similar to the preceding. 

Fig. ^s. — Short individual with a single, centrally placed, nucleus-like 
body. 

Fig. S9.—Long, sinuous individual, with chromidial nucleus of 
characteristic flexilis type. Many of the chromidia are conspicuous 
by their large size. 

Fig. IM). — Long, straight Bacillus, with chromatin mainly in two large 
masses. Possibly a plasmolysed or degenerate form. 

PLATE 1$. 

[All the. figures, unless otherwise stated, are drawn from wet film 
preparations fixed with Schaudinn's sublimate-alcohol, and stained with 
Heidenhain's iron-luematoxylin.] 

Figs. 91 -95.— Bacilli of spirogyra form from large intestine of 
Lacerta muralis. Various forms of nuclear filament are shown. 
The organism depicted in fig. 92 is dividing. 

Figs. 9<;-!<>$.— Large Spirilla from large intestine of Lacerta 

mu ralis. 

Fig. 9b.— Short individual, showing large cytoplasmic alveoli and 
nucleus in the form of a short rod-like filament at one end of the cell. 

Figs. 97 . 9S. — Dividing forms. Note nuclear filaments. 

Fig. 99.— Short individual, with nucleus in the form of a short and 
somewhat zig-zag or spiral filament. 

Fig. loo. — Short individual with long, varicose nuclear filament. 

Fig. 1 01.— Longer individual, with long spiral or zig-zag nuclear 
filament. 

Fig. 1< >2. — Very long individual, with long nuclear filament similar 
to that of the preceding. 

Figs. 103-105. — Shortest individuals (Vibrio form) with nuclear 
filaments. 

Fig. 100. A form similar to fig. 99. but with a longer nuclear filament. 

Fig. lo7.~ Longer organism, with short, centrally placed nuclear 
filament. 
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Fig. 108. — Long individual, in which the nuclear filament has divided 
into two preparatory to cell division. 

Fig. 100. — Group of five- small Bacilli with darkly staining nucleus¬ 
like bodies — similar to those shown in fig. 53 (PI. 17). (These “nuclei " 
are possibly spore-rudiments.) From large intestine of La cert a 
m uralis. 

Figs. 110-11:1. — Large Spirilla from the hind gut of Stylopyga 
orientalis. Tim cytoplasm has an alveolar structure, and tlm 
nucleus is of the chromidial type. 

Figs, 113 and 114.— “ Fusiform Bacteria " from the large intestine of 
La cert a m uralis. Each cell shows a single spherical nucleus. 

Fig. lid. —“Fusiform Bacterium,” of double form, from large intestine 
of Bufo vulgaris. (Fixation: corrosive sublimate and acetic acid.) 

Fig. llfi.—“Fusiform Bacterium," of double form, from large intestine 
of Stylopyga orientalis. The lower nucleus in dividing. 

Figs. 117 and 118. —Bacillus spirogyra from large intestine of 
Bufo vulgaris. Xote the'nuclear filaments. (Fixation: corrosive sub¬ 
limate and acetic acid.) 

Figs, llfi and 12u. —Bacillus flexilis from large intestine of Bufo 
vulgaris. Xote the alveolar structure of the cytoplasm (rather in¬ 
distinct) and the nucleus in the form of chromidia. The organism 
shown in fig. 120 is undergoing division. 

Figs. 121 132.—Small Spirilla from the hind gut of Stylopyga 

orienta lis. 

Fig. 121. —Small Vibrio form with terminal nucleus. 

Figs. 122-124. —Small individuals with centrally situate nuclei. 

Figs. 125 and 120. —Longer individuals with dividing nuclei. Xote 
the characteristic dumb-bell figure which the nucleus assumes. (Compare 
with Micrococci and Sarcina.) 

Fig. 127. —Individual in which nucleus has divided into two, though 
fission of the cytoplasm has not yet occurred. 

Figs. 128 and 12fi. — Dividing organisms. 

Fig. 13o.—Long individual with centrally placed, undivided nucleus. 

Fig. 131. — Small Vibrio form. Central nucleus. 

Fig. 132. — Smallest Vibrio form. Central nucleus in the form of a 
minute chromatin granule. 

Figs. 133 and 134. — Bacilli of flexilis type from large intestine of 
Lacerta muralis. Chromidial nuclei. Fig. 134 shows a dividing 
individual. Same forms as those shown in figs. 83, 84 (Plate 17). 
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Figs. loo and 130.—Bacterium-like organism from large intestine 
of Boa constrictor. (Wet film, absolute alcohol; Delafield's 
lnematoxylin.) 

Fig. loo.—Bacterioid forms—a chain of four. 

Fig. 130.— Zymoid forms. A free single individual and another, which 
has formed a hud. 


PLATE 10. 

i All figures are of the nucleated Bacterium-like organism (or its 
developmental forms) found in the large intestine of Boa con strictor. 
(Dry film preparations: fixed absolute alcohol, stained Giemsa.)] 

Figs. 137-141,144.—Bacterioid forms. 

Fig. 14:2.—Form intermediate between bacterioid and zymoid form. 

Figs. 143 and 145.—Zymoid forms. 

Figs. 143. 147, 149, 150.—Zymoid forms, producing outgrowths. In 
fig. 150 the outgrowth has divided off as a more or less bacterioid cell. 

Fig. 14S.—Four bacterioid forms in a chain—the two middle indi¬ 
viduals producing outgrowths. 

Fig. 151. A chain composed of both zymoid and bacterioid indi¬ 
viduals. 


